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OIL  AND  GAS  DEVELOPMENTS 
IN  PENNSYLVANIA  IN  1983 

by 

John  A.  Harper 

ABSTRACT 

Pennsylvania's  oil  production  totaled  4,490,672  barrels  in  1983,  a 5 
percent  increase  over  1982  production.  Oil  reserves  increased  43  per- 
cent from  49,764,000  barrels  in  1 982  to  71 ,01 0,000  barrels  in  1 983. 
Leading  counties  for  production  of  oil  were  Warren,  Venango,  and 
McKean.  In  1983  secondary  recovery  of  oil  in  the  Bradford  field  ac- 
counted for  only  1 9 percent  of  the  state  total.  New  secondary  recovery 
projects  were  begun  in  Venango  and  Elk  Counties,  and  old  projects,  both 
waterflood  and  microemulsion-polymer  varieties,  continued  in  Elk,  Forest, 
McKean,  Venango,  and  Warren  Counties.  Both  of  the  state's 
microemulsion-polymer  projects  are  located  in  the  Bradford  field,  McKean 
County. 

Gas  production  decreased  2 percent  from  121,111  million  cubic  feet 
in  1 982  to  1 18,372  million  cubic  feet  in  1 983.  Gas  reserves  decreased 
7 percent  from  1 ,997,029  million  cubic  feet  in  1 982  to  1 ,854,477  million 
cubic  feet  in  1983.  Stored  recoverable  gas  also  decreased  8 percent, 
to  581,193  million  cubic  feet. 

The  price  for  all  crude  oil  and  oil  products  declined  in  1983  nation- 
wide. The  price  of  Penn  Grade  Crude  oil  was  $30.00  per  barrel  on 
January  1,  but  dropped  to  $28.00  per  barrel  on  February  16.  New  gas 
prices  were  subject  to  Natural  Gas  Policy  Act  price  ceilings.  The  well- 
head price  of  1 ,000  cubic  feet  of  natural  gas  ranged  from  a low  of  $0.45 
under  old  contracts  to  $5.68  for  "tight”  gas  (NGPA  Section  1 07,  High- 
Cost  Gas).  The  average  price  for  gas  was  about  $3.00. 

The  total  number  of  wells  reported  drilled  in  1983  was  2,540,  a 40 
percent  decrease  from  1 982.  Total  footage  drilled  was  5,391 ,845  feet, 
a 43  percent  decrease.  The  total  number  of  oil  wells  reported  drilled  was 
1,436,  a decrease  of  34  percent  over  the  1982  figure  of  2,175.  The 
most  active  counties  for  oil  well  drilling  were  Venango,  Warren,  Forest, 
and  McKean,  accounting  for  96  percent  of  all  oil  wells  drilled  in  the  state. 
A total  of  930  gas  wells  was  reported  in  1 983  for  a 46  percent  decrease 
from  1982.  The  most  active  counties  for  gas  well  drilling  were  Erie,  In- 
diana, Jefferson,  Warren,  and  Crawford,  accounting  for  93  percent  of 
all  gas  wells  drilled  in  the  state.  There  were  33  combination  oil  and  gas 
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wells  reported  in  1983,  an  increase  of  38  percent  over  1982.  Fifteen 
of  these  wells  were  drilled  in  Warren  County. 

Exploratory  drilling  in  1 982  decreased  by  57  percent,  from  214  wells 
reported  in  1982  to  122  wells  reported  in  1983.  Development  drilling 
decreased  39  percent  in  1 983,  to  2,340  wells.  The  success  rate  for  ex- 
ploratory drilling  was  88  percent;  it  was  98  percent  for  development 
drilling. 

Seismic  exploration  declined  by  31  percent,  from  34  crew-months  in 
1 982  to  23.6  crew-months  in  1 983.  Seismic  crews  operated  in  28  coun- 
ties in  Pennsylvania  during  the  year,  at  a total  expenditure  of 
$5,900,000. 

Present  activity  within  the  Oil  and  Gas  Geology  Division  of  the  Bureau 
of  Topographic  and  Geologic  Survey  includes  a combined  revision  of  the 
oil  and  gas  well-record  files  and  the  oil  and  gas  base-map  series,  and 
the  conclusion  of  a two-year  study  of  the  oil  and  gas  potential  of 
southwestern  Pennsylvania.  The  map  and  file  revision  project  will  result 
in  the  files  and  maps  being  revised  to  the  state's  permit  numbering 
system,  and  the  base  maps  being  revised  to  7 Zi -minute  scale  from  the 
present  15-minute  scale.  The  southwestern  Pennsylvania  project  in- 
cludes detailed  stratigraphic,  structural,  and  petrographic  studies  of  the 
oil  and  gas  fields  and  reservoirs  in  the  area.  The  purpose  of  the  study 
is  to  encourage  new  drilling  and  production  in  southwestern  Penn- 
sylvania. 


INTRODUCTION 

This  report  is  based  for  the  most  part  on  drillers’  well  records  and  loca- 
tion plats  filed  with  the  Bureau  of  Oil  and  Gas  Management,  Pennsylvania 
Department  of  Environmental  Resources.  The  statistics  of  oil  and  gas  drill- 
ing are  compiled  only  from  the  records  received  during  the  calendar  year. 
This  includes  records  of  wells  drilled  prior  to,  but  reported  in,  1983;  it  does 
not  include  1983  wells  for  which  records  were  submitted  to  the  Com- 
monwealth after  December  31,  1983.  Crude-oil  production  and  reserve  figures 
are  published  courtesy  of  the  Penn  Grade  Crude  Association  of  Bradford, 
Pennsylvania.  Ms.  Mary  Ann  Gross,  Equitable  Gas  Company,  supplied  data 
on  natural  gas  production  and  reserves. 
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PRODUCTION  AND  RESERVES 

CRUDE  OIL  PRODUCTION 

Pennsylvania’s  crude  oil  industry  produced  4,490,672  barrels  (bbl)  of  Penn 
Grade  crude  oil  in  1983,  reflecting  an  increase  of  5 percent  over  the  1982 
production  total  of  4,282,354  bbl.  Most  of  this  production  was  from  Upper 
Devonian  and  Lower  Silurian  reservoirs,  but  there  was  some  subsidiary  pro- 
duction from  Pennsylvanian  and  Mississippian  reservoirs.  Lower  Silurian 
Medina  Group  sandstones  in  Erie  and  Crawford  Counties  produced  88,718 
bbl  of  crude  oil,  an  increase  of  24  percent  over  the  previous  year.  See  Figure 
1 for  a summary  of  these  statistics. 


Figure  1 . 

Crude  oil  production 

in  Pennsylvania, 

1983. 

Penn  Grade  oil 

1983 

1982 

% Change 

Cumul ati ve 
to  12/31/83 

( 1 ,000  barrels ) 

Shal low  oil1 

4,402 

4,211 

+ 5 

1,312,022 

2 

Deep  oi  1 

89 

71 

+ 25 

3 1 ,175 

TOTAL  OIL 

4,491 

4,282 

+ 5 

1,313,197 

Shallow  oil:  from  Late  Devonian  or  younger  rocks,  generally  less  than 

2,000  feet  deep. 

2Deep  oil:  from  Lower  Silurian  Medina  Group. 

includes  production  of  oil  previously  classified  as  "Corning  Grade." 
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Figure  2 illustrates  the  amount  of  oil  produced  and  the  total  number  of 
producing  oil  wells  in  Pennsylvania  in  1983,  by  county.  Production  statistics 
for  oil  in  Pennsylvania’s  counties  are  based  on  commerce  figures,  the  amount 
that  is  shipped  or  sold,  rather  than  on  the  actual  amount  produced  from 
each  well.  The  leading  counties  for  oil  production  during  the  year  were  War- 
ren, Venango,  and  McKean,  in  that  order,  continuing  a trend  that  has  been 
established  for  a number  of  years.  These  three  counties  were  responsible  for 
73  percent  of  the  total  oil  produced  in  Pennsylvania. 


Figure  2.  Oil  wells  and  crude  oil  produced  in  Pennsylvania  in  1 982  and  1 983, 
by  counties.1 


County 

Crude 
producti on 
1983 

oi  1 

(barrel s ) 
1982 

Number 
produci ng 
12/31/83 

of 

oil  wells 
12/31/82 

A1 1 egheny 

72,568 

65,606 

383 

347 

Armstrong 

11,034 

10,293 

107 

96 

Beaver 

31,278 

6,335 

93 

77 

Butl er 

67,227 

56,701 

1,222 

1,113 

Clarion 

19,411 

24,540 

217 

190 

Clearfield 

375 

418 

4 

4 

Crawford 

83,904 

51 ,931 

126 

116 

Elk 

428,138 

385,858 

171 

170 

Eri  e 

4,814 

3,430 

80 

64 

Fayette 

514 

680 

2 

2 

Forest 

199,842 

165,409 

1,018 

983 

Greene. 

24,974 

23,575 

258 

244 

Indiana 

3,240 

2,850 

117 

80 

Jefferson 

3,489 

4,791 

21 

14 

Lawrence 

80 

0 

2 

2 

McKean 

827,935 

920,548 

6,709 

9,791 

Mercer 

9,145 

7,733 

88 

74 

Potter 

19,749 

16,792 

98 

86 

Venango 

832,408 

821,954 

4,291 

4,412 

Warren 

...  1,207,129  1 

,050,325 

5,089 

4,966 

Washington 

94,392 

94,055 

604 

585 

Westmoreland 

8,873 

4,111 

39 

22 

TOTAL 

3,950,519  3,717,935 

20,739 

23,438 

Compiled  by  the  Pennsylvania  Department  of  Commerce,  Bureau  of 
Statisti cs . 


DEVELOPED  CRUDE  OIL  RESERVES 

Developed  crude  oil  reserves  in  Pennsylvania  at  the  end  of  1983  totaled 
71,010,000  bbl,  an  increase  of  43  percent  over  the  previous  year’s  total  of 
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49,946,000  bbl.  McKean,  Venango,  and  Warren  Counties  once  again  were 
ranked  as  the  top  three  counties  for  oil  reserves  in  the  Commonwealth.  New 
reserves  were  added  everywhere  but  in  southwestern  Pennsylvania,  an  area 
that  includes  all  counties  south  of  Venango.  McKean  and  Potter  Counties 
had  the  largest  reserve  increases  because  of  new  drilling  in  old  waterflooded 
areas.  Although  not  large,  the  Erie  and  Crawford  County  reserve  increases 
are  the  result  of  increased  exploratory  and  development  drilling  in  the  Lower 
Silurian  Medina  Group,  which  has  considerably  expanded  the  known  reser- 
voirs in  those  counties  over  the  last  4 years.  Figure  3 shows  crude  oil  reserve 
statistics  by  shallow  and  deep  reservoirs. 


Figure  3. 

Crude  oil  reserves 

in  Pennsylvania, 

1983. 

1983 

1982 

% Change 

Reserves 

(1 ,000  barrels; 

i 

Shal low  oil1 

70,234 

49,399 

+ 42 

Deep  oi 1 2 

776 

365 

+ 113 

Total  oil 

71,010 

49,764 

+ 43 

'shallow  oil:  from  Late  Devonian  or  younger  rocks,  generally  less  than 

2,000  feet  deep. 

2 

Deep  oil:  from  Lower  Silurian  Medina  Group. 


SECONDARY  AND  TERTIARY 
CRUDE  OIL  RECOVERY  PROJECTS 

A total  of  78  service  wells,  including  waterflood  wells,  gas-injection  wells, 
tertiary  recovery  project  wells,  disposal  wells,  stratigraphic  core  test  wells, 
and  gas-storage  observation  wells,  was  reported  in  1983.  Elk  County  had 
40  service  wells,  and  Forest  and  Venango  Counties  had  18  and  11  service 
wells,  respectively.  Other  service  wells  were  reported  in  Crawford,  McKean, 
and  Westmoreland  Counties.  The  Crawford  County  service  well  was  a 
disposal  well  in  the  Lower  Devonian  Helderberg  Group,  and  the  well  in 
Westmoreland  County  was  drilled  for  storage  observation  in  the  Oakford 
storage  pool,  Oakford  field.  These  78  service  wells  represent  a 57  percent 
decrease  in  oil-related  services  over  1982. 

In  a historical  sense,  the  Bradford  field  in  McKean  County  is  the  first  field 
in  which  large-scale  waterflooding  technology  was  attempted.  Flooding  began 
in  the  field,  probably  by  accident,  sometime  in  the  late  1800’s,  and  inten- 
tional flooding  began  soon  after.  It  was  not  until  the  early  1900’s,  however. 


Millions  of  Barrels 
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that  noticeable  production  enhancement  became  apparent.  Since  that  time, 
most  of  the  Bradford  field  has  been  under  waterflood.  Figure  4 shows  the 
changes  in  oil  production  in  Pennsylvania  since  Drake’s  well  was  drilled  in 
1859,  and  the  changes  in  oil  production  in  the  Bradford  field.  It  should  be 
noted  that  in  1983  the  Bradford  field  produced  approximately  19  percent 
of  the  total  state  production. 


There  were  nine  new  secondary  recovery  projects  reported  in  1983,  and 
several  other  new  projects  were  reported  to  be  under  consideration.  New  pro- 
jects were  reported  in  the  Kane  field  (Elk  County),  and  in  several  fields  in 
Venango  County.  The  Elk  County  projects  involve  the  Bradford  Group  sands. 
In  addition,  Pennzoil  Company  expanded  its  Highland  Warrant  project  in 
the  Kane  sand  (Bradford  Group)  of  Elk  County  by  an  additional  255  acres. 
The  new  injection  wells  were  expected  to  be  put  into  operation  in  early  1984. 

Pennzoil  Company  operates  two  tertiary  recovery  projects,  both  of  the 
microemulsion-polymer  type,  in  the  Bradford  Third  sand  of  the  Bradford 
field.  Special  Project  7 is  being  scheduled  for  selective  abandonment  in  1984, 
and  Special  Project  8 was  in  the  polymer-solution  injection  stage  at  the  end 
of  1983.  This  latter  project,  with  126  producing  wells  and  59  injection  wells, 
encompasses  220  acres  of  previously  waterflooded  Bradford  Third  sand. 
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NATURAL  GAS  PRODUCTION 

Pennsylvania’s  natural  gas  production  decreased  in  1983  by  2 percent,  down 
to  118,372  million  cubic  feet  (Mmcf)  from  the  1982  total  of  121,111  Mmcf. 
The  number  of  producing  gas  wells  increased  4 percent  to  an  estimated  24,000. 
Figure  5 shows  1983  gas  production  statistics  for  Pennsylvania.  Included  is 
a general  breakdown  of  gas  production  by  shallow  and  deep  reservoirs. 


Figure  5.  Natural  gas  production  in  Pennsylvania,  1983. 


1983 

1982  % 

Cumulative 

Change  to  12/31/83 

(mi  1 1 i ons 

of  cubic  feet) 

Shal 1 ow  gas  1 

90,449 

95,332 

- 5 

Deep  gas2 

27,923 

25,779 

+ 8 

TOTAL  GAS 

118,372 

121,111 

- 2 9,759,305 

Shallow  gas:  from  Late  Devonian  or  younger  rocks,  generally  less  than 

4,000  feet  deep. 


2 

Deep  gas:  from  Middle  Devonian  or  older  rocks,  generally  more  than  4,000 

feet  deep. 


NATURAL  GAS  RESERVES 

Proven  recoverable  reserves  of  natural  gas  in  Pennsylvania  decreased  7 
percent  to  1,854,477  Mmcf  in  1983.  Stored  recoverable  gas  decreased  8 per- 
cent as  well,  to  581,193  Mmcf.  Figure  6 shows  natural  gas  reserve  figures 
for  Pennsylvania  in  1983,  and  Figure  7 graphically  illustrates  the  differences 
among  production,  consumption,  and  reserves  of  natural  gas  for  the  last  37 
years. 


Figure  6.  Natural  gas  reserves  in  Pennsylvania,  1983. 


1983 1982 % Change 

(millions  of  cubic  feet) 

Total  gas  1,854,477  1,997,029  - 7 

Stored  recoverable  gas  581,193  631,483  - 8 
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Figure  7.  Production,  consumption,  and  reserves  of  natural  gas  in  Pennsylvania. 


PRODUCTION  AND  RESERVES 
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NATURAL  GAS  STORAGE  AREAS 

Since  the  early  1920’s,  Pennsylvania  has  consumed  more  natural  gas  than 
it  has  been  able  to  produce.  This  has  led  to  the  necessity  of  storing  natural 
gas  in  large  quantities  in  the  summer  months  to  at  least  partially  ensure  an 
adequate  supply  during  the  winter.  Storage  reservoirs  are  typically  old 
depleted  gas-producing  reservoirs,  or  bodies  of  rock  whose  geological  and 
engineering  characteristics  would  have  made  them  ideal  reservoirs  had  natural 
gas  been  emplaced  in  them.  In  Pennsylvania  all  of  the  major  gas-producing 
horizons  have  been  used  at  one  time  or  another  as  storage  reservoirs,  but 
the  most  common  reservoirs  are  Upper  Devonian  Bradford  and  Venango 
Group  sandstones  and  fractured  reservoirs  in  the  Oriskany  Sandstone.  Figure 
8 shows  the  locations  and  names  of  all  active  gas  storage  areas  in  Pennsylvania 
in  1983.  No  changes  in  storage-area  status  were  reported  during  the  year. 
Recoverable  gas  in  storage  totaled  581,193  Mmcf  in  1983  as  compared  with 
631,482  Mmcf  in  1982. 

OIL  AND  GAS  PRICES 

The  price  for  crude  oil  continued  to  decline  early  in  1983  following  the 
trend  set  in  mid- 1981  after  decontrol  of  oil  allowed  the  market  to  reach  its 
own  level.  Penn  Grade  crude  oil  sold  for  $30.00  per  barrel  on  January  1, 
1983  and  dropped  to  $29.00  on  January  19.  On  February  16,  the  price  fell 
to  a low  of  $28.00  per  bbl  and  stayed  there  the  remainder  of  the  year.  Changes 
in  crude-oil  pricing  in  1983  are  shown  in  Figure  9. 

Natural  gas  prices  are  subject  to  controls  under  the  Natural  Gas  Policy 
Act  (NGPA)  of  1978.  The  object  of  NGPA  was  to  allow  natural  gas  prices 
to  rise  over  a period  of  5 or  6 years  in  order  to  provide  operators  with  an 
incentive  to  increase  exploration  and  drilling,  while,  at  the  same  time,  cushion 
the  consumer  against  the  shock  of  inevitable  utility  price  hikes.  The  lowest 
prices  paid  by  utilities  in  Pennsylvania  were  for  old  gas,  subject  to  old  con- 
tracts, produced  from  pre-NGPA  wells.  Prices  as  low  as  $0.45  per  thousand 
cubic  feet  (Mcf)  are  common  in  some  of  the  older  producing  areas  of  the 
Commonwealth  such  as  Allegheny,  Washington,  and  Greene  Counties.  The 
highest  price  allowed  by  NGPA  was  $5.68  per  Mcf  for  Section  107  (High- 
Cost  Gas,  in  this  case  the  price  paid  for  gas  from  the  tight  Medina  Group), 
and  this  was  also  the  highest  price  paid.  Figure  10  shows  NGPA  price  ceil- 
ings for  natural  gas  during  1983. 

DRILLING  AND  COMPLETION  COSTS 

The  costs  of  drilling  and  completing  a well,  given  below  in  dollars  per  foot, 
vary  with  the  company,  drilling  depth,  method  of  completion,  and  geographic 
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20  0 20  40 60  MILES 


100  KILOMETERS 


Figure  8.  Active  gas  storage  areas  of  Pennsylvania. 


NAMES  OF  ACTIVE  GAS  STORAGE  AREAS  IN  PENNSYLVANIA 


ALLEGHENY  COUNTY 

1 . Bunola 

2.  Gamble  Hayden 

3.  Tepe 

4.  Murrysville  (Dice) 

5.  Smith  Parke 

ARMSTRONG  COUNTY 

6.  Fair  and  Helm 

7.  South  Bend 

BEAVER  COUNTY 

8.  Black  Hawk 

BEDFORD  COUNTY 

9.  Artemas  A 

10.  Artemas  B 


BUTLER  COUNTY 
1 1 . Vardy 

12.  Portman 

13.  Hughes 

CAMBRIA  COUNTY 

14.  Rager  Mountain 

CLARION  COUNTY 

15.  Truittsburg 

CLEARFIELD  COUNTY 

16.  Gourley-Miller 

CLINTON  COUNTY 

1 7.  Leidy 

18.  Tamarack 


ELK  COUNTY 

19.  St.  Marys 

20.  Boone  Mountain 

21 . Owls  Nest 

22.  Belmouth 

ERIE  COUNTY 

23.  Summit 

24.  Corry 

FOREST  COUNTY 

25.  Queen 

26.  Duhring 

GREENE  COUNTY 

27.  Majorsville-Heard 

28.  Swarts  West 


PRODUCTION  AND  RESERVES 


NAMES  OF  ACTIVE  GAS  STORAGE  AREAS  IN  PENNSYLVANIA  (Continued) 


GREENE  COUNTY  (Cont.J 

29.  Swarts 

30.  Hunters  Cave 

31.  Holbrook 

32.  Pratt 

INDIANA  COUNTY 

33.  Alabran 

34.  Kinter 

35.  Clark 

36.  Schmidt 


JEFFERSON  COUNTY 

37.  Sprankle 

38.  Galbraith 

39.  Markle 

40.  Munderf 


McKEAN  COUNTY 

41 . Meade  Run 

42.  Keelor 

43.  Swede  Hill 

44.  Wellendorf 

45.  East  Branch  "B" 

MERCER  COUNTY 

46.  Henderson 

POTTER  COUNTY 

47.  Sharon 

48.  Hebron 

49.  Ellisburg 

50.  Harrison 

51.  Wharton 

52.  Greenlick 


TIOGA  COUNTY 

53.  Sabinsville 

54.  Palmer 

55.  Tioga 

56.  Meeker 

WARREN  COUNTY 

57.  Deerlick 

58.  East  Branch  "A" 

WASHINGTON  COUNTY 

59.  Donegal 

60.  Colvin 

61.  Finleyville 

WESTMORELAND  COUNTY 

62.  Seanor 

63.  Oakford 

64.  Webster 

65.  Patton 


Figure  9.  Crude  oil  prices  in  Pennsylvania,  1983. 


Month 


Price  per 
barre 1 


January  1,  1983 

$30.00 

January  19,  1983 

$29.00 

February  16,  1983 

$28.00 

area.  Costs  generally  increase  yearly  due  to  inflation  (some  costs  actually 
decreased  in  1983  because  of  the  general  slowdown  in  the  industry),  but  they 
may  also  increase  as  total  depth  increases,  especially  for  wells  that  penetrate 
deeper,  untested  or  undrilled  formations.  Dry  holes  are  generally  less  expen- 
sive than  producing  wells  because  not  as  much  is  done  to  the  hole  outside 
of  drilling  and,  perhaps,  logging.  Extremely  deep  wells  may  be  extraordinarily 
expensive,  not  just  because  of  increased  rig  time  and  increased  casing,  cement- 
ing, and  other  needs,  but  because  provisions  must  be  made  for  potential, 
unforeseen  problems.  Wells  drilled  in  untested  formations  and/or  unexplored 
areas  may  require  special  testing  and  completion  techniques  as  well.  In  Penn- 
sylvania an  average  well  would  be  drilled  about  2,123  feet  deep  (the  average 
total  depth  for  all  wells  reported  in  1983),  probably  to  the  Upper  Devonian 
Venango  or  Bradford  Group.  As  such,  a deep  well  (Lower  Devonian  Ridgeley 
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Formation  or  Lower  Silurian  Medina  Group)  is  generally  greater  than  5,000 
feet  deep,  and  anything  deeper  than  10,000  feet  is  considered  ultra  deep. 

Because  drilling  conditions  and  company  policies  vary  widely,  even  within 
a small  geographic  area,  the  drilling  costs  listed  below  are  only  estimates  and 
should  not  be  used  as  anything  more  than  “ballpark”  figures  for  the  industry 
in  1983. 

1.  Venango  County,  shallow  oil  well  in  the  Venango  Group  sands,  about 
800  feet  deep.  Dry  hole,*  about  $8  per  foot.  Completion,  about  $35 
per  foot. 

2.  McKean  County,  shallow  oil  well  in  the  Bradford  Group  sands,  about 
2,500  feet  deep.  Dry  hole,*  about  $14  per  foot.  Completion,  about  $24 
per  foot. 

3.  Indiana  County,  shallow  gas  well  in  the  Bradford  Group  sands,  about 
3,600  feet  deep.  Dry  hole,*  about  $33  per  foot.  Completion,  about  $45 
per  foot. 

4.  Clearfield  County,  shallow  Devonian  gas,  about  3,600  feet  deep.  Dry 
hole,*  about  $33  per  foot.  Completion,  about  $40  per  foot. 

5.  Fayette  County,  shallow  Devonian  gas,  about  3,900  feet  deep.  Dry 
hole,*  about  $27  per  foot.  Completion,  about  $38  per  foot. 

6.  Erie  County,  shallow  gas  well  in  the  Ohio  Shale,  about  900  feet  deep. 
Completion,  about  $15  per  foot. 

7.  Erie-Crawford  County,  deep  gas  well  in  the  Medina  Group,  about  3,500 
feet  deep.  Dry  hole,*  about  $20  per  foot.  Completion,  about  $33  per 
foot. 

8.  Venango  County,  deep  Medina  gas,  about  5,500  feet  deep.  Dry  hole,* 
about  $16  per  foot.  Completion,  about  $30  per  foot. 

9.  Somerset  County,  deep  gas  well  in  the  Ridgeley  Sandstone,  about  9,000 
feet  deep.  Dry  hole,*  about  $49  per  foot.  Completion,  about  $64  per 
foot. 

*No  completion  attempted. 


1983  DRILLING  AND  COMPLETIONS 

TOTAL  COMPLETIONS 

A total  of  2,540  wells  was  reported  drilled  in  Pennsylvania  during  1983, 
reflecting  a 40  percent  decrease  in  activity  from  the  1982  figure  of  4,224  wells. 
This  total  includes  2,534  new  wells  and  6 old  wells  drilled  deeper. 

The  total  footage  drilled  in  all  reported  wells  decreased  43  percent,  to 
5,391,845  feet.  The  average  total  depth  in  all  wells  drilled  was  2,123  feet; 
this  decrease  from  last  year’s  average  of  2,250  is  the  result  of  the  continued 
relative  increase  in  the  number  of  shallow  oil  wells,  particularly  in  Venango 
and  Forest  Counties,  where  an  average  well  is  about  800  feet  deep.  The  10 
most  active  counties  for  drilling  in  1983  were  Venango,  Warren,  Erie,  Forest, 
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Figure  1 1 . New  well  completions  and  old  wells  drilled  deeper  in  Pennsylvania, 
1983. 

NEW  WELL  COMPLETIONS 


Average 

No.  of  total  depth 

County wells (feet ) 


Allegheny 1 2,099 

Armstrong 18  3,518 

Beaver 6 1,461 

Bedford 1 6,495 

Butler 14  1,379 

Cambria 18  3,747 

Centre 4 7,967 

Clarion 41  1,915 

Clearfield 43  3,673 

Clinton 7 5,170 

Crawford 63  4,393 

Elk 74  2,516 

Erie 280  3,113 

Fayette 10  4,432 

Forest 265  1,016 

Greene 42  5,054 

Indiana 191  3,720 

Jefferson 85  3,407 

McKean 116  1,798 

Mercer. 40  4,451 

Mifflin 1 476 

Potter 3 1,375 

Somerset 1 79 

Venango 694  937 

Warren 481  1,831 

Washington 5 4,589 

Westmoreland 30  3,607 


TOTAL 2,534  2,125 


OLD  WELLS  DRILLED  DEEPER 


Average 

No.  of  total  depth 

County wells  (feet) 


Armstrong 1 1,792 

Beaver 1 370 

Clarion 3 1,359 

Forest 1 1,281 


TOTAL 6 1,253 


1983  DRILLING  AND  COMPLETIONS 


15 


Indiana,  McKean,  Jefferson,  Elk,  Crawford,  and  Clarion,  in  that  order.  Wells 
in  these  10  counties  represented  90  percent  of  all  wells  reported  in  the  Com- 
monwealth during  the  year  (see  Figure  11). 

OIL  COMPLETIONS 

Pennsylvania’s  oil  industry  reported  1,436  oil  well  completions  during  1983, 
including  1 old  well  drilled  deeper.  This  represents  a 34  percent  decrease  over 
1982.  Total  footage  drilled  in  all  oil  wells  was  1,563,369  feet,  a 30  percent 
decrease  over  a year  ago.  The  average  total  depth  for  all  oil  wells  was  1,089 
feet.  The  most  active  counties  for  oil  well  drilling  were  Venango,  Warren, 
Forest,  and  McKean,  in  order  of  importance.  Drilling  in  these  four  counties 
accounted  for  96  percent  of  all  oil  wells  reported  in  the  Commonwealth  in 
1983  (Figure  12). 


Fiqure  1 2.  New  oil  well  completions  and  old  wells  drilled  deeper  in  Pennsylvania, 
1983. 


NEW  OIL  WELL  COMPLETIONS 


Average  Average 

initial  total 

No.  of  production  depth 


County wel  1 s (bopd)  1 ( feet ) 


Armstrong 1 5 900 

Butler 8 1 1,354 

Clarion 13  2 1,641 

Crawford 1 Not  given  400 

Elk 33  Not  given  2,483 

Forest 237  4 992 

McKean 106  2 1 ,750 

Mercer 4 11  706 

Venango 648  5 844 

Warren 382  19  1 ,235 

Washington...., 2 9 2,661 


TOTAL 


1,435  19  1,089 


OLD  OIL  WELL  DRILLED  DEEPER 


Average 

Average 

initial 

amount 

No.  of 

production 

deepened 

County 

wel  1 s 

(bopd ) 1 

( feet ) 

Beaver 1 1 370 


i 


bopd 


barrels  of  oil  per  day. 
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GAS  COMPLETIONS 

Pennsylvania’s  natural  gas  industry  reported  only  930  gas  well  comple- 
tions in  1983,  including  4 old  wells  drilled  deeper.  This  figure  constitutes  a 

Figure  13.  New  gas  well  completions  and  old  wells  drilled  deeper  in  Penn- 
sylvania, 1983. 

NEW  GAS  WELL  COMPLETIONS 


Average 

Average 

initial 

total 

No.  of 

open  flow 

depth 

County 

wells 

(Mcfgpd) 1 

(feet ) 

Armstrong 

904 

3,672 

Beaver 

21 

1,632 

Bedford 

310 

6,495 

Butler 

2 

15 

1,894 

Cambri a 

18 

746 

3,747 

Centre 

3 

177 

6,007 

Cl ari on 

21 

87 

2,177 

Clearfield 

40 

1,147 

3,661 

Cl i nton 

7 

554 

5,170 

Crawford 

58 

596 

4,473 

Elk 

1 

70 

5,004 

Erie 

275 

1,312 

3,109 

Fayette . 

10 

348 

4,432 

Forest 

7 

34 

2,102 

Greene 

38 

292 

1,523 

I ndi  ana 

190 

785 

3,721 

Jefferson 

85 

649 

3,407 

Mercer 

29 

650 

5,601 

Potter 

2 

12 

1,558 

Venango 

18 

632 

4,378 

Warren 

73 

1,170 

4,819 

Washi  ngton 

3 

140 

5,874 

Westmoreland 

26 

860 

3,722 

TOTAL 

926 

901 

3,760 

OLD  GAS  WELLS  DRILLED  DEEPER 

Average 

Average 

initial 

amount 

No.  of 

open  flow 

deepened 

County 

wells 

(Mcfgpd ) 1 

(feet ) 

Armstrong. 

1 

60 

1,792 

Cl ari on . . . 

3 

39 

1,359 

TOTAL 

4 

45 

1,467 

Mcfgpd  = 

thousand  cubic  feet  of  gas  per  day. 
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46  percent  decrease  over  the  1982  figure  of  1,734  wells.  The  total  footage 
drilled  in  all  gas  wells  was  3,487,851  feet,  a 48  percent  decrease  from  the 
previous  year.  The  average  depth  for  all  gas  wells  was  3,750  feet.  The  most 
active  counties  for  gas  well  drilling  were  Erie,  Indiana,  Jefferson,  Warren, 
and  Crawford,  accounting  for  93  percent  of  all  gas  wells  reported  during 
the  year.  Figure  13  summarizes  these  data. 


COMBINATION  OIL  AND  GAS  WELL  COMPLETIONS 
(Not  Reported  Separately  as  Oil  or  Gas) 

The  Bureau  of  Topographic  and  Geologic  Survey  classifies  any  well  that 
is  primarily  an  oil  well  (i.e. , produces  any  amount  of  oil)  but  also  produces 
at  least  50  Mcfgpd  (thousand  cubic  feet  of  gas  per  day)  as  a combination 
oil  and  gas  well.  Most  oil  wells  drilled  in  the  Commonwealth  produce  a little 
gas,  and  many  produce  enough  gas  to  be  sold  to  utilities  or  pipeline  com- 
panies. However,  if  the  well  produces  less  than  50  Mcf,  regardless  of  whether 
or  not  the  gas  is  sold,  it  is  considered  simply  as  an  oil  well.  Pennsylvania’s 
oil  and  gas  operators  reported  32  new  combination  wells  and  1 old  well  drilled 
deeper  in  1983,  a 38  percent  increase  over  the  1982  total  of  24.  Total  footage 


Figure  1 4.  New  combination  oil  and  gas  well  completions  in  Pennsylvania,  1 983. 


County 

No,  of 
wel  1 s 

Average 
initial 
production 
(bopd) 1 

Average 
initial 
open  flow 
(Mcfgpd ) 2 

Average 
total 
depth 
( feet ) 

Clarion 

4 

2 

259 

2,232 

Crawford 

3 

Not  given 

933 

4,436 

Eri  e 

2 

Not  given 

2,100 

3,680 

Forest 

3 

37 

80 

1,670 

Potter 

1 

10 

244 

1,011 

Venango 

3 

Not  gi ven 

2,150 

1,296 

Warren 

15 

3 

99 

1,703 

Westmoreland 

1 

10 

150 

3,340 

TOTAL 

32 

6 

519 

2,137 

OLD 

COMBINATION 

WELL  DRILLED  DEEPER 

Average 

Average 

Average 

initial 

initial 

total 

No.  of 

production 

open  flow 

depth 

County 

wel  1 s 

(bopd) 1 

(Mcfgpd ) 2 

( feet ) 

Forest 

1 

1 

542 

1,281 

*bopd  = barrel s of  oil 

per  day. 

Mcfgpd  = thousand  cubic 

feet  of  gas 

per  day. 
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for  these  33  wells  was  69,664  feet,  a 9 percent  increase  from  a year  ago.  The 
average  depth  for  the  33  wells  was  2,111  feet.  Fifteen  of  these  wells,  or  45 
percent,  were  drilled  in  Warren  County  (Figure  14). 


DRY  COMPLETIONS 

A total  of  63  dry  holes  was  reported  in  Pennsylvania  in  1983.  These  wells 
represent  a 42  percent  decrease  in  the  number  of  dry  holes  from  the  1982 
total  of  109.  However,  the  success  rate  for  all  drilling  remained  at  97  per- 
cent despite  this  decrease,  reflecting  the  decrease  in  all  drilling  during  1983. 
The  total  footage  for  dry  holes  in  1983  was  128,124  feet,  a 51  percent  decrease. 
The  average  total  depth  for  all  dry  holes,  both  new  completions  and  old  wells 
drilled  deeper,  was  2,034  feet  (Figure  15). 


Figure  15.  New  dry  hole  completions  in  Pennsylvania,  1983. 
NEW  DRY  HOLE  COMPLETIONS 


No.  of 

Average 
total  depth 

County 

dry  holes 

( feet ) 

Allegheny.. . 

Beaver 

Butler 

Centre 

Clarion 

Clearfield. . 

Erie 

Greene 

Indiana 

McKean 

Mercer 

Mifflin 

Somerset .... 

Venango 

Warren 

Westmoreland 


1 

4 

4 

1 

3 

3 

3 

4 
1 
3 
7 
1 
1 

14 

11 

2 


2,099 

1,375 

1,174 

13,848 

853 

3,833 

3,089 

1,394 

3,653 

2,782 

1,828 

476 

79 

860 

2,867 

2,244 


TOTAL 


63  2,034 


MISCELLANEOUS  COMPLETIONS 

Miscellaneous  completions  include  all  oil-  and  gas-related  wells  that  can- 
not specifically  be  considered  oil-  and  gas-producing  wells.  These  wells  com- 
prise several  types:  stratigraphic  core  tests,  drilled  to  collect  subsurface  in- 
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formation  such  as  formation  thickness  or  the  effects  of  well  completion  on 
various  rock  types;  water-supply  wells  for  waterflood  projects;  fluid-injection 
wells  for  secondary  and  tertiary  recovery  of  oil;  liquid-waste  disposal  wells; 
and  gas-storage  observation  wells.  Increases  and  decreases  within  this  category 
do  not  accurately  reflect  oil  and  gas  drilling  trends  because,  for  instance, 
an  oil  field  operator  may  drill  all  of  his  water-supply  wells  and  fluid-injection 
wells  several  years  after  the  oil-producing  wells  were  completed. 

During  1983,  78  miscellaneous  (service)  wells  were  reported  in  Penn- 
sylvania. This  is  a 57  percent  decrease  (104  wells)  from  1982.  Most  of  the 
service  wells  reported  during  the  year  were  injection  wells  for  secondary  or 
tertiary  oil  recovery  projects,  but  there  were  also  some  stratigraphic  core  tests, 
a disposal  well,  and  a storage  observation  well.  The  total  footage  drilled  in 
these  78  wells  was  142,837  feet,  a 33  percent  decrease  from  the  footage  drilled 
in  1982.  The  average  total  depth  for  all  service  wells  was  1,831  feet.  Drilling 
in  Elk,  Forest,  and  Venango  Counties  accounted  for  89  percent  of  all  ser- 
vice wells  reported  in  1983  (see  Figure  16). 


Figure  16.  New  service  well  completions  in  Pennsylvania,  1983. 
NEW  SERVICE  WELL  COMPLETIONS 


Average 

No.  of 

total  depth 

County 

wells 

( feet ) 

C rawford .... 

Elk 

Forest 

McKean 

Venango 

Westmoreland 


1 

3,592 

40 

2,481 

18 

795 

7 

1,893 

11 

804 

1 

3,614 

TOTAL 


78  1,831 


DRILLING  AND  PRODUCTION  ACTIVITY 

(Classified  as  Shallow  or  Deep) 

The  Oil  and  Gas  Geology  Division  of  the  Bureau  of  Topographic  and 
Geologic  Survey  classifies  oil  and  gas  wells  as  shallow  or  deep,  not  de- 
pending on  depth,  but  on  whether  or  not  the  Upper-Middle  Devonian  boun- 
dary was  penetrated  in  the  well.  Wells  that  penetrate  the  boundary  (normal- 
ly the  top  of  the  Tully  Limestone,  but  may  be  an  equivalent  shale)  are  con- 
sidered deep.  Wells  that  do  not  penetrate  the  boundary  are  considered 
shallow,  regardless  of  depth.  Because  of  the  wedge-shaped  character  of  the 
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Figure  1 7.  Shallow  well  activity,  1 950-83  (Late  Devonian  or  younger  produc- 
ing horizons;  generally  less  than  4,000  feet). 
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sedimentary  package  deposited  in  the  Appalachian  basin,  absolute  drilling 
depth  is  not  instrumental.  A Lower  Silurian  Medina  Group  well  in  Erie  Coun- 
ty along  the  lake  shore  may  be  only  2,500  feet  deep,  and  an  Upper  Devonian 
Bradford  Group  well  in  Clearfield  County  may  be  as  much  as  4,000  feet  deep. 
Yet,  the  Medina  well  is  considered  deep  and  the  Bradford  well  is  considered 
shallow  on  the  basis  of  geologic  age.  Shallow  wells,  which  account  for  the 
greatest  number  of  wells  drilled  in  Pennsylvania,  may  produce  oil  or  gas; 
deep  wells  most  commonly  produce  gas,  but  there  are  some  wells  in  Erie  and 
Crawford  Counties  that  produce  small  amounts  of  oil  as  well.  Figure  17  il- 
lustrates shallow-well  drilling  activity  in  Pennsylvania  over  the  last  33  years, 
and  Figure  18  shows  the  changes  in  deep  well  activity  during  the  period 
1930-83. 

The  number  of  shallow  wells  reported  in  Pennsylvania  in  1983  decreased 
by  39  percent  from  3,528  in  1982  to  2,150  in  1983,  including  2,067  new  wells 
drilled  for  oil  or  gas,  5 old  wells  deepened  for  oil  or  gas,  and  78  new  service 
wells.  In  general,  the  shallow  oil  wells  were  drilled  to  the  Venango  Group 
and  the  shallow  gas  wells  were  drilled  to  the  Bradford  Group.  Subsidiary 
drilling  in  other  shallow  horizons  found  production  in  the  Pennsylvanian, 
Mississippian  (typically  the  Big  Injun  sand),  Upper  Devonian  Brallier  For- 
mation and  Lock  Haven  Formation  sands,  and  Upper  and  Middle  Devonian 
shales.  Shallow  oil  and/or  gas  well  drilling  in  Venango,  Warren,  Forest,  In- 
diana, McKean,  Jefferson,  and  Erie  Counties  accounted  for  85  percent  of 
all  shallow  drilling  reported  in  1983. 

In  contrast  to  previous  years,  deep  drilling  in  Pennsylvania  decreased  in 
1983.  During  the  year,  390  deep  wells  were  reported  in  the  Commonwealth, 
a decrease  of  44  percent  over  the  1982  figure  of  696.  Drilling  to  the  Lower 
Silurian  Medina  Group  in  Erie,  Warren,  and  Crawford  Counties  dominated 
deep  drilling,  accounting  for  85  percent  of  all  deep  well  activity,  and  for  89 
percent  of  all  Medina  drilling  activity. 

Figure  19  shows  the  statistical  breakdown  for  both  shallow  and  deep  wells 
reported  in  Pennsylvania  in  1983.  Figure  20  illustrates  shallow  and  deep  well 
drilling  in  terms  of  the  final  reported  production  formations. 

Shallow  production  totaled  90,448,939  Mcf  of  gas  and  4,401 ,954  bbl  (bar- 
rels) of  oil,  whereas  deep  production  accounted  for  27,923,061  Mcf  of  gas 
and  88,718  bbl  of  oil.  Figure  21  shows  deep  gas  production  during  the  year 
by  field  and  pool.  Figure  22  summarizes  the  information  in  Figure  21  by 
showing  amounts  of  gas  produced  from  the  various  deep  reservoirs,  both 
as  an  annual  total  and  as  cumulative  totals.  Figure  23  illustrates  the  amount 
of  production,  the  yearly  average  unit  price,  and  the  yearly  total  values  for 
oil  and  gas  produced  in  Pennsylvania  since  1960. 

The  drilling  depth  record  for  Pennsylvania  remains  at  21,460  feet,  set  by 
the  Amoco  Production  Company  #1  Svetz  well  in  Somerset  County  in  1975. 
This  was  the  deepest  well  drilled  in  the  Appalachian  basin.  The  deepest  pro- 
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Figure  18.  Annual  rate  of  deep  sand  formation  exploration  and  development, 
1930-83  (Middle  Devonian  or  older  producing  horizons;  generally 
more  than  4,000  feet). 

ducing  depth  in  Pennsylvania  increased  to  13,030  feet  from  the  Bald  Eagle 
Formation  (Upper  Ordovician)  in  the  Grugan  field,  Clinton  County.  This 
record  changed  in  1983  from  a previous  record  of  11,458  feet  in  the  Heyn 
pool  (Lower  Silurian  Tuscarora  Formation),  Summit  field,  Fayette  County. 
The  previous  record  had  stood  for  almost  20  years. 
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Figure  1 9.  Drilling  and  completion  of  wells  reported,  1 983  (according  to  geologic 
age  and  depth  of  producing  horizons). 


Shal 1 ow--Upper  Devonian  and  younger 

NEW  WELLS 

Gas 554 

Oil 1,435 

Oil  and  gas 27 

D ry 51 

Total 2 ,067 

DEEPENED  WELLS 

Gas 4 

Oil 1 

Oil  and  gas 1 

Total 6 

MISCELLANEOUS  WELLS 

Service 77 

Total  shallow  wells 2,150 


Deep--Middle  Devonian  and  older 

NEW  WELLS 

Gas 372 

Oil  and  gas 5 

Dry 12 

Total 389 

MISCELLANEOUS  WELL 

Disposal l_ 

Total  deep  wel  Is 390 

TOTAL  ALL  WELLS  DRILLED 2,540 


OIL  AND  GAS  EXPLORATORY  AND  DEVELOPMENT 

ACTIVITIES 

The  Pennsylvania  Geological  Survey,  Oil  and  Gas  Geology  Division,  uses 
a classification  scheme  for  exploratory  and  development  drilling  that  is 
modified  from  the  definitions  used  by  the  Committee  on  Statistics  of  Drill- 
ing of  the  American  Petroleum  Institute/ American  Association  of  Petroleum 
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Figure  20.  Oil  and  gas  well  completions  in  Pennsylvania  by  shallow  and  deep 
producing  formations,  1983. 


Producing  formation 
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wel  1 s 
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wel  Is 
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wel  1 s 
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0 
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^Venango  Group 
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20 

4 

A 

Comi ngl ed  - 

3 
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4 

L 

^Bradford  Group 
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20 

L 

Comi ngl ed  - 

1 

23 

0 

0 

L-Elk  Group 

0 

8 

0 

W 

Lock  Haven  Formation 

0 

10 

0 

General  Devonian  shales 

0 

*85 

0 

D 

Onondaga  Group2 

0 

1 

0 

E 

Oriskany  Sandstone 

0 

6 

0 

E 

Salina  Group 

0 

1 

0 
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Medina  Group 

0 

360 

5 

Bald  Eagle  Formation 

0 

1 

0 

Total 

1,436 

930 

33 

includes  wells  drilled  to  deep  formations,  but  completed  as  shallow 
producers . 


includes  Huntersville  Chert  and  Onondaga  limestone  complex. 


Geologists.  All  wells  reported  here  are  the  same  as  those  reported  under  drill- 
ing and  completions  in  the  previous  section  of  this  report. 


EXPLORATORY  WELLS 

An  exploratory  well  is  one  that  is  drilled  to:  (1)  find  and  produce  oil  or 
gas  in  unproven  areas;  (2)  find  a new  reservoir  in  an  area  previously  known 
to  have  oil  and/or  gas  production  in  another  reservoir;  or  (3)  extend  the 
known  limit  of  a productive  oil  or  gas  reservoir.  New  field  wildcats,  new 
pool  wildcats,  deeper  pool  tests,  shallower  pool  tests,  and  outpost/exten- 
sion tests  make  up  the  exploratory  categories.  If  the  well  is  drilled  as  an  ex- 
ploratory test  and  is  not  completed  for  production,  it  is  classified  as  a dry 
exploratory  hole. 

In  accordance  with  the  continued  general  downturn  of  the  national  oil  and 
gas  industry  in  1983,  exploratory  drilling  in  Pennsylvania  decreased  during 


Figure  21 . Gas  production  from  rocks  of  Middle  Devonian  or  older  age  in  Pennsylvania,  1 983  (classified  as  "deep”  production). 


EXPLORATORY  AND  DEVELOPMENT  ACTIVITIES  25 


oooooooo 


o o o 


-OOOOOOOOOOO 


. — m 

x-  o oo 
o o <r> 


■>  o o 
> 

> T3  TO 


on  on 

TO  TO 


ia.coo.ana 


O O cf> 
O CO  CO 
O if)  O' 


OOlOMOOinifl 

co  00  ro  co 

o oo  ooih 


runOanOOf— iOr 


CO  CM  •— I 


O CO  r-H 

O CO  o 

O O'  C\J 


O O 0O  o o - 


rmo'COOOr^LOrs.^H.— <o«Tcooo 

- CO  CM  I I — CD  O'  M H If)  CM 

- Lfl  CO  CO  O M CO  O If)  CM 


CO  CO  rH  CO  O' 

OO  CO  CO 

CM 


J O CO  O'  CO 


O O'  '3- 
<— I O CM 
O CM 


• oifiomoo 


•-H  O O c 

CO  O'  L 

o o 

O Cf>  c 

r-»  OO  C 

O CM  r 


' Ifl  Lfl  CO  CO  L 
D if)  if)  CX>  ^ c 


H O'  CM  If)  CM  CM  on 


i CM  CM  f 
J CM  CM  O'  •— < O'  c 


- 00  00 

3 *— i CO  CO  O'  CM  if)  If)  r 
CM  r 

-fflttfncocMCOCO' 


CO  ID  O'  O'  CM  r-  c 
N K N IV  CO  CO  c 

W'vV'V'v' 

rt  co  is  rv  O'  i/i  r 


C 0)  •<-  — a) 

OTJ  L L E 

C >,flJO-r 


d)  T3  <—  E 

O '-  T)  dJ 

♦J  O 31  •<-  C <u 

,ai  j -*->oo 

_l  I rsj  Oi  Qj  4->  I 

< die-  > > -X  -O 

- - CJ  d) 


O '-  > cc 


cn  CO  -O 
ID  3 <D 
UJ  O IS) 


} ID  d)  3 E 

: -M  E OJ  ID 

- O O *->  TO 

j a a i/i  < 


d)  c 
O'  X 
T3  O C 


ai  o c x : 

O'  CL  3 t.  f 

ti  E a o i 


' <—  2:  3 QC  C <D 

5 LlJ  0)  I O 3 0 

i >—  c r c a di 

C/l  r—  O l_  Q 

c • — ->-  •»-  ai  o x: 


O'  >D  > C D C 
•—  dJ  3 <—  < 

c cc  o a u c 


-C 

CEO  o 

ID  O .O  t- 

<—  O E 3 


Tl  C flj 

O O L 
-O 

DDE 


O - a- 

dJ  — dl 


Figure  21.  ( Continued ) 


26 


OIL  AND  GAS  DEVELOPMENTS  IN  1983 


zz-izzzzxzzzzozrzzzzzzzz  zzzzxzzzzz 


*->  XJ  XJ 
IS>  ■—  C. 

a;  a> 


oo 


■0X3  — • 

c c oo 

K3  ID 


X) 

c 

IV 


oo 


X3  X3 
c c 


XJ  X3  X3 

C C C 

<V  IV  IV 


X3  X3  T3  XJ  XJ  XJ 

O O O O O O 

i-  i_  — t-  o.  4-  < i_  _ _ 

Q_Q_OOQ_£XQ.ZCl-000000 


X3X3XJT3X3X3T3X3T3X) 
OOOOOOOOOO 

i-.— <i-i-i_i_i_i_i_i_.— .<_<_<_t_l_Lt_<_l_t_ 

1/11/IQ.I/iaQ.aQ.Q.Q.Q.airtQ.Q.Q.Q.Q.Q.Q.Q.aa 


Q.CLQ.Q.OOQ.Q-O-Q-00 


in  *j  v 

*—  u o o 

3 3 ^ 

E XJ  XJ 
3 O C 
O fc.  <L) 

Q. 


(OCOONCOO< 
in  in  imo  ro  z 

< •— < iOhO 


> O O O O CM  loo  O 


Lf> 

00 


O'TO'f  H«JiDa3000DOO 
r'rocOO"OOM/>4£)4£)r^9 
O'OCM'tcOfocO'JCvjr-.in 


Ovinoo**-.— ••rcor'j 

ODlOO'CMO'CMr^rt 

f^r^CT'UliflOfOfO 


o 

Lf) 


o 

oo 


S oo  co  o 
in  oo  cm 


ui  cvj  40  oi 
MOr^o 

C\J  LO  C\J 


VO  o 
o 


ro  i D voovrs 


T (\J  CO  vfl  VO  vf) 
OO  CO  »4T  CO 
VO  r—l  VO 


LD  CO  OO  CO 
<m  m r-i  (o 

OO  04 


OO  O MO  in  fO  H rO  OO  >T 
O in  i- 1 O'  oo  oo  co  rv  o\ 

(vjh  o vo  rr  co 


VO  o o 


oo  co  in 


00 

CO 


Ol  U3  VO  C 
HrtOO 


00 


oo 


VO<30O<TVC0O<O 
*T  O OO  VO  CO  Z VO 

po  in  •— < o co 


o o o o oolo 


o o 


OrtrHin<ONin<jvO 
NOCOZrtOOOCO 
OO  •— < 04  CM  O O 04 


» — ' OO  CO  CM  04  CO  VO  CO  CM 
04iOHrtin<jnmNco 
’TCOO-UlNVO'tvOr^vn 


NOOVOOlOCMinCMOO 
r-NHM  VO  in  54  o 
CO  v£)  -T  in  04  CM  o 


VO  *— < 04  04  K r>» 

CM  h.  vfHM 

■—<  oo 


ID  VO  hCMVOh 

O O O •—  co 

<— • m o> 


co 

VO 


O CM  CO  vf  n MO 
vrs  co  cm  04  co 

O <-*  -1  oo 


04  04  i— I 
rH  l<4  CM 


oo 


3 3 3 

E X3  X3  - 
3 O C 
<_>  t-  03 


390co«H(oococoHOa)M«CM(\j'-iCMOO'co  vo  in  rvvr  in  o r— • i — c 

co  co  cm  vo  vo  n m in  in  in  ovOo-^oococmiocm^t  vo  in  o vo  n cm  < c 

OvOCMCMNTCOOvICMMn  CM04CMOCDr0CT4l0NC0  C\J  04  VO  fv  OO  in  04  r 


O co  cm  04  r 


<<0CMOC0CM04<MCM 


r-  cm  co  o cm  c 

CM  VO  1 i 

in  co  r 


3OC0r'00rHMrtOrHC0CM0404> 

'coininiovococococoincor'r-r 

l4rs<JrH^04OinO0D--C0Nr<C 


< in  r-  o CM  CM  < 


t-<  04  O 
CO  o-  CO 

- , - - , 

3HO'J«  COCMO 
-i  fO  CM  CM  o CM  ■—< 

ir-aiccinvoocn 


IV  c 


a> 


<u 


J)  i>  E 
com 
a a t- 


m c j< 

•—  o <~ 

a*  o -r— 

CJ  3 oo 


v*j  o < I > ox:  <u  •—  -i 
Ll/4  X)  I — I TO  O in  _l  I 
ID  OJ  o p I — 3 ID  I 


c a> 


O C ID  3 


o:  cr-u 
in  3 'r  .r  o;  I 
>v  jz  cc  > in  <_>  i 
X3  in  <11  c <-  i_ 
ccxicncajciLovi 
m 3 m ai'--  o au  ai 

I ZQ.O.H  aininj 


■r  n c o 


X3  a/ 

ID  C 


<u  a>  a/ 

<—  <n  .c  xj  <u  x:  +-> 

«—  o a.  c r-  co  3 

•f-  v*-  i—  O id  mem 

>COE  x x -*->0  0) 

X 4)  X X .*+->  <-  C C 

m a c ci  03  id  c c 

<U  ID  ID  i-  OO  0.0)0 

Z a a a cc<n  in  > c_) 


O ID 
v*-  C 
J a; 


5/20/53  257,445  5,700  263,145 


EXPLORATORY  AND  DEVELOPMENT  ACTIVITIES 


27 


) l/l  C/l  O') 


l/l  O')  I/O  CO  l/l 


I 

1-1 

'O  l/l 

11= 


1 

1 


"11  1 1 111  11  1 1 1 11  11 
I \i | i 1 1 1 i i _n_ i i i _ i _ i ? i t ? ? ? ? ? ? _ ? i i t_t_ i 1 1 i ? ? ? _ j ? i ? ? ? ? ? ? ? ? ? 

aQ.Q.aaaci.awo.aiflaci.Q.uiawQ.£i.Q.Q.aaaQ.a.a.iflQ.aao.WQ.iflQ.ii.fl.a.aQ.Q.io<Q.Q.aQ.Q.a.  a.  o-  a-  a.  a. 


2sS°i3SS155S»o0s2§3go55S|gS°g5gS°SR§|2S|S£°°SS|SH  g §25  = 


o *j  m cnj  vo  • ao  vo  cm  in 


— isr- 


"ISlsSS^li”  sS”~ 


asssaS § Sl-S 

00  — < C\J  «3-  CM  CO  o 
CM  CM  CO 


n--(DifSHnono30-HiflOiooi/i<jN-^fONCDcoiJiONni/i(j'000'c<t«)on'(J'a500rsoc'JHMOW(Njnnir^ 

SSSSggS  22  SSS  S -SgggSSSg^  S£S2  g SggSSSS  5 § S £ K S S g S fS  2 g 

■»‘-|Vg~a  s*  -as  ” s = -~  a "ga' 


•— • oo  in  cm 


gsgiss: 


rs-HMrtMjHKMnNnin-ocaoino'NumoiMwnOioto'ioO'ONioior'Winfia'OOcoMnocoio  co  Oooocm 

S2S32  SSSKSSSS  8 = £S 3 S5SK 2 88  8SSS  S~SSS3S1SS  S8S8.S8  S S S 

mcMONr-i  co  c-  — • O'-ONinMo.rvO'Ncocu  O'  o <?  a-.  r--  mcimocoair-  mo^j-r^.CT'O  co  ai  cc 

•— * <x>  co  *— ■ m co  •—*  co  o (umriHdjOM'ON  o cm  cm  — m -ciro  •— • cm  one  -■  m co  cm 

cm  cm  •—>  •—  -h  -H  h mn  coco  cx>  O'  cm  co  rv  co  in  cm  cm  ci  cm 


SggggSKfftSSSt S2tC2gKSS2ggg2ffCSSSgSgSgSggg3SgS3SSSESSSgSg 

0>CM'^COO'<Jr'CO(J'a>incMOirHCMOa'®iOr-r''J(J'^'^rvrnOOO'JCvCOcCCy''JO'C'COciOCOr^cii,,lci«jO'cO'0^-<CMNr-r- 
•— * •— * CM  CM  — CM  — < — ' — < CO  CM  CO  - -h  CM  CM  r-.  r—*  • — i CM  CM  • — ' • — * — — CM  CM  ^ CO  -CM  —CM  CM  CM  • — 1 • — ' « — ' CM  CM 

^ ^ r-  r~  o cm  co  co  co  in  o co  in  cm  cm  — r~-7  m — m cm 


inoimr^  — ocomm  — mc 


'OlOWOlOCOCMCMNc 


IIIi 


S 2 

§*“°5!8S^3  - 1 
lst5  c e-E  111  1 1 s % 
sllsl55=Ii^5  3 


Jl  M I h 

S >,£  S-St*.  ,f?L 

siilisliisi! 

amcocrioxxiyjzo 


I 

5m 


IiS 


i ii 


>>  C c o 4_> 

* -5  -S  3 J2  £ S 


11  g 5 1 ! 1 1 1 


o 

o 


* o 


IP 


i lit 


l 


<u  z • 

cl  : 

II ; 
11 ; 
551 


Figure  21.  (Continued) 


28 


OIL  AND  GAS  DEVELOPMENTS  IN  1983 


Grand  Valley  Campbell  Creek  11/14/81  0 NA  0 NA 

Sanford  Trimm  2/19/81  3,614  46,136  49,760  Prod 
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OIL  AND  GAS  DEVELOPMENTS  IN  1983 


Figure  22.  Deep  gas  production  in  Pennsylvania  in  1983  by  producing  for- 
mation. 


Producing  formation 

Cumul ati ve 
production  at 
end  of  1982 
(Mcf ) 1 

Production 
in  1983 
(Mcf)1 

Cumul ati ve 
production  at 
end  of  1983 
(Mcf) 1 

Marcell  us  Formation 
(deep  black  shale) 

10,000 

15,216 

25,216 

Onondaga  Limestone 

1,415,122 

100,087 

1,515,209 

Oriskany  Sandstone, 
Huntersvi  1 1 e Chert , 
and  Ridgeley  Formation 

1,251,591,775 

7,471,346 

1,259,063,121 

Bass  Islands  Dolomite  and 
Helderberg  Group 

12,133 

0 

12,133 

Salina  Group 

0 

2,631 

2,631 

Lockport  Dolomite 

957  ,665 

65,698 

1,023,363 

Medina  Group 

77  ,575,958 

19,343,679 

96,919,637 

Tuscarora  Sandstone 

1 ,827,304 

612,304 

2,439,609 

Bald  Eagle  Formation 

0 

312,100 

312,100 

Gatesburg  Formation  and 
Little  Fal Is  Dolomite 

203,200 

0 

203,200 

TOTAL 

1,333,593,157 

27  ,923,061 

1,361,516,219 

*Mcf  = thousand  cubic  feet. 


the  year  by  57  percent,  from  214  wells  reported  in  1982  to  122  wells  reported 
in  1983.  The  success  rate  for  these  wells  was  88  percent,  which  is  a small 
increase. 


DEVELOPMENT  WELLS 

A development  well  is  one  that  is  drilled  within  a proven  area  of  produc- 
tion to  a known  productive  stratigraphic  horizon.  A producing  well  in  such 
an  area  and  reservoir  is  classified  as  an  oil  or  gas  development  well.  It  is 
considered  a dry  development  well  if  it  is  not  completed  for  production. 
Development  drilling  in  Pennsylvania  in  1983  decreased  by  39  percent,  from 
3,828  wells  in  1982  to  2,340  wells  in  1983.  The  success  rate  for  all  develop- 
ment drilling  remained  at  the  98  percent  level  set  in  1982. 


Figure  23.  Production,  unit  price,  and  total  value  of  crude  oil  and  natural  gas  produced  in  Pennsylvania,  1960-83. 
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Figure  24.  Exploratory  and  primary  development  and  drilling  footages  reported,  1983  and  1982. 


OIL  AND  GAS  DEVELOPMENTS  IN  1983 


a- 

<D 

as 

i—H 

ro 

d 

4— > 

CL 

ro 

ro 

o 

_d 

o 

1 

1 

i 

O 4- 

<3^ 

d 

(XI 

o 

LO 

d" 

LO 

LO 

r*- 

CO 

LO 

LO 

CD 

o 

r^. 

o 

00 

as 

CO 

LO 

CO 

O 

O 

at 

00 

LO 

oo 

rH 

ro 

r-^ 

co 

(XJ 

. — l 

co 

CXJ 

a 

*N 

O' 

O' 

n 

*» 

00 

4-> 

o 

ro 

CO 

ro 

as 

as 

ro 

LO 

CO 

i—H 

as 

o 

LO 

ro 

(XJ 

f— i 

00 

00 

vo 

ro 

l\ 

i—H 

rH 

o 

r— H 

as 

as 

r— 1 

r— H 

ro 

(XJ 

lo- 

O' 

O' 

r 

LO 

CXJ 

oo 

cL 

00 

00 

as 

co 



v — -• 

(XI 

r— 

CO 

i 

ro 

o 

CXI 

LO 

co 

CXI 

as 

CD 

LO 

<XJ 

ro 

i — i 

LO 

CXJ 

CXI 

CO 

. — i 

12 

i — i 

CXI 

LO 

i—H 

co 

r— H 

*» 

r> 

#> 

CXJ 

ro 

00  ro 

CO 

LO 

ro 

ro 

CO 

CO 

oo 

LO 



CD 

i — i 

i — i 

LO 

CO 

LO 

ro 

LO 

o 

LO 

LO 

ro 

CD 

as 

LO 

O 

O 

as 

as 

o 

o 

as 

00 

oo 

03 

r. 

•> 

•» 

•> 

* 

O' 

O' 

O' 

O' 

CO 

4-> 

r- 

LO 

as 

r^ 

o 

as 

r^ 

o 

i—H 

CO 

(XJ 

as 

O 

so 

|— H 

(— i 

LO 

CO 

o 

. — i 

o 

LO 

o 

LO 

r--. 

1 — 1 

u_ 

n 

•> 

ro 

i 1 

00 

co 

CO 

oo 

as 

ro 

1 — 

" — «<• 

00 

1 — 

as 

CD 

o 

ro 

LO 

CXI 

VO 

LO 

o 

CO 

o 

00 

I- 1 

as 

, — 1 

i— H 

CXI 

ro 

CXJ 

ro 

i— H 

oo 

CO 

#1 

Cl 

i—H 

CXJ 

1 — 

1 — 

Z3 

=3 

, — 

4— 

4- 

i — 

to 

(/) 

CD 

CO 

</> 

t/s 

CD 

CD 

1 — 

o 

CJ 

1 — 

4- 

u 

u 

CD 

O 

a 

a 

£ 

CO 

cn 

CD 

CO 

to 

c n 

a_ 

03 

T3 

a 

>> 

>> 

as  • 

■ — • 

4— > 

os 

o 

1— 

d 

d 

CD 

o 

TD 

1 — 

CD 

“O 

1 — 

d 

CD 

4— > 

d 

03 

E 

d 

C3 

<T3 

o 

03 

03 

4— > 

CL 

03 

4— > 

i — 

•1— 

d 

O 

O 

O 

i — 

> 

o 

to 

1 — 

i — 

>•> 

1— 

i — 

co 

1 — 

i — 

>s 

1— 

CD 

d 

1 — 

<T3 

•I— 

•f— 

d 

cd 

<T3 

■r— 

•r— 

d 

LJ 

CD 

CL  CD  O 

o 

Q 

> 

CD  O 

o 

o 

l/S 

oo 

X 

CD 

•r— 

LU 

O 

TOTAL  ALL  WELLS  DRILLEO...  2,540  (98%)  5,391,845  4,224  (97%)  9,503,096 


EXPLORATORY  AND  DEVELOPMENT  ACTIVITIES 


33 


Figure  24  summarizes  drilling  activity  in  Pennsylvania  in  1983  as  ex- 
ploratory, development,  or  service.  Figure  25  shows  the  breakdown  of  ex- 
ploratory drilling  by  classification.  All  exploratory  successes  and  the  more 
important  exploratory  failures  of  1983  are  illustrated  in  Figure  26,  and  these 
wells  are  listed  in  Figures  27  and  28. 


Figure  25.  Exploratory  drilling  in  Pennsylvania  by  classification  and  type  of  well, 
1983. 
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Figure  26.  Map  of  exploratory  wells  in  Pennsylvania  reported  in  1983. 


Figure  27.  Reported  new  field  and  new  pool  discoveries  in  Pennsylvania,  1983 
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Figure  28.  Selected  exploratory  failures  reported  in  Pennsylvania,  1983. 
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HIGHLIGHTS  OF  1 983  EXPLORATION  AND  DEVELOPMENT 

Drilling  in  the  Upper  Devonian  Venango  Group  reservoirs  (Figure  29)  has 
typically  been  almost  restricted  to  the  western  counties  of  Pennsylvania,  and 
the  majority  of  this  drilling  has  taken  place  in  the  oil  fields  of  Venango,  War- 
ren, Forest,  and  Clarion  Counties.  Some  good  open  flows  (and  subsequent 


Figure  29.  Schematic  diagram  of  Upper  and  Middle  Devonian  stratigraphic  units 
from  the  surface  and  subsurface  of  western  Pennsylvania. 
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production)  have  been  discovered  recently  in  disparate  areas  of  the  main  gas- 
producing  belt,  however,  in  areas  of  traditional  Bradford  Group  produc- 
tion. Recent  discoveries  in  Indiana  and  Clearfield  Counties,  for  example, 
point  out  the  potential  for  Venango  Group  gas  wells  in  these  areas.  Other 
Venango  Group  drilling  of  interest  occurred  in  some  of  the  older,  largely 
ignored  areas  of  southwestern  Pennsylvania.  Fayette  County,  in  particular, 
has  been  actively  drilled  for  lower  Venango  and  middle  Bradford  targets  for 
the  last  two  or  three  years.  These  Venango  Group  targets,  especially  the  Fifth 
Stray,  Bayard,  and  Elizabeth  sands,  represent  some  interesting  trends  in  the 
Highhouse  field  area.  It  is  hoped  that  this  activity  continues  and  extends 
westward  into  Greene  and  Washington  Counties. 

Most  of  the  shallow  gas-well  drilling  (and  some  interesting  shallow  oil  drill- 
ing) in  Pennsylvania  in  1983  was  targeted  in  the  Bradford  Group  reservoirs, 
including  the  discovery  of  several  small  pools  in  the  northern  counties  (Figures 
26  and  27).  Some  of  the  more  interesting  Upper  Devonian  activity  was  in 
high-porosity  and  -permeability  Bradford  zones  in  the  eastern  edge  of  the 
traditional  fields.  Continued  success  in  the  Kane  sand  play  of  Indiana  County 
(Cush  Cushion  field)  was  extended  into  Clearfield  and  Cambria  Counties 
in  the  past  few  years.  Subsequent  drilling  farther  east  in  Cambria  County 
extended  the  limits  of  this  trend,  but  also  resulted  in  finding  similar  produc- 
tion in  higher  reservoirs  such  as  the  Bradford  sand.  In  Clearfield  County, 
the  trend  of  production  in  the  Lumber  City  and  Grampian  fields  area  ap- 
pears to  be  basically  north-south,  and  may  be  due  to  increased  permeability 
in  the  Tiona  and  Sheffield  sands.  Operators  are  actively  pursuing  the  possibili- 
ty of  similar  trends  throughout  the  area. 

A well  drilled  through  the  Speechley  sand  in  the  Pine  Run  field,  Upper 
Burrell  Township,  Westmoreland  County,  produced  oil  from  the  Bradford 
Group  sands.  Many  Upper  Devonian  gas  wells  produce  a little  oil,  even  in 
such  non-oil  areas  as  Indiana  and  Westmoreland  Counties  (see  Figure  2). 
This  well,  however,  is  the  first  well  purporting  to  be  an  oil  producer  in  this 
area  since  early  in  the  1900’s.  The  W & B Oil  Company  #1  Vlasic  had  a natural 
open  flow  of  7 Mcf,  and  after  fracking  flowed  150  Mcf  at  940  psi.  The  well 
produced  10  bbl  of  oil  along  with  the  gas.  Both  gas  and  oil  are  from  the 
Speechley  and  Speechley  Stray  sands  at  about  3,200  feet.  Future  drilling  in 
this  area  may  prove  that  the  possibilities  are  good  for  additional  oil 
production. 

Other  Upper  Devonian  activity  in  1983  included  four  Elk  Group  and  four 
Lock  Haven  Formation  field  and  pool  discoveries.  None  of  the  Elk  Group 
discoveries  was  of  great  significance,  representing  simply  deeper  drilling  in 
the  shallow  gas  fields  of  Greene  County.  The  greatest  significance  of  these 
discoveries  was  simply  that  commercial  quantities  of  gas  can  be  found  in 
the  Elk  Group  siltstones  throughout  large  areas  of  southwestern  Pennsylvania. 
The  Lock  Haven  Formation  has  been  the  target  of  one  or  two  companies 
in  Centre  County  for  the  past  two  or  three  years.  As  with  the  Elk  Group 
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wells,  open  flows  are  small,  too  small  to  attract  a large  number  of  drillers, 
but  the  gas  is  available  in  commercial  quantities.  Only  10  Lock  Haven  wells 
were  reported  in  1983,  and  it  is  not  likely  that  larger  numbers  are  to  be  ex- 
pected in  the  future. 

Upper  and  Middle  Devonian  black-shale  activity  picked  up  at  a near-furious 
pace  in  1983;  85  wells  were  reported  during  the  year.  These  wells  are  primarily 
domestic  wells,  less  than  1,500  feet  deep,  and  drilled  within  5 miles  of  the 
Lake  Erie  shoreline  in  Erie  County.  Most  wells  produce  from  the  Huron  and 
Rhinestreet  shales  of  the  Upper  Devonian,  but  a few  were  drilled  to  and  pro- 
duced from  the  Middle  Devonian  Marcellus  Formation  as  well.  Four  new 
pool  discoveries,  including  three  in  the  Ohio  Shale  of  Erie  County  and  one 
in  the  Marcellus  Formation  of  Washington  County,  were  reported  in  1983. 
The  Washington  County  discovery,  Garrett  Hill  pool  in  the  Buffalo  field, 
was  not  a large  one.  The  discovery  well,  Gary  Schodorf  #1  Anna  Johnson, 
was  originally  drilled  to  the  Huntersville  Chert,  but  was  unresponsive  to 
stimulation.  After  restimulation  in  the  Marcellus,  the  well  flowed  only  15 
Mcfgpd,  but  was  put  on  line.  Two  other  Marcellus  wells  drilled  in  the  vicini- 
ty provided  somewhat  larger  open  flows,  but  the  potential  for  economical 
Marcellus  production  does  not  appear  to  be  encouraging. 

The  Middle  Devonian  Huntersville  Chert  generally  produces  in  Penn- 
sylvania in  conjunction  with  the  Ridgeley  Formation.  Occasionally,  however, 
the  Huntersville  becomes  the  primary,  or  sole,  reservoir.  This  occurred  in 
1983  when  J & J Enterprises  of  Indiana  County  discovered  the  Serro  pool 
in  the  shallow  Lewisville  field.  The  discovery  well  was  a deeper  pool  test  of 
a Huntersville-Ridgeley  trend  (the  Jacksonville  Deep  pool,  Jacksonville  field) 
along  the  Grapeville-Kinter  Hill  anticline  to  the  north.  The  well  flowed  3,033 
Mcf  at  7,555  feet,  indicating  that  there  is  still  a lot  of  gas  to  be  produced 
from  extensions  of  the  Huntersville  and/or  Ridgeley  fields  of  the  Indiana- 
Westmoreland  County  area. 

Ridgeley-Oriskany  production,  drilling,  and  exploration  in  Pennsylvania 
has  become  subdued  in  the  past  10  or  15  years.  The  large  drilling  programs 
apparent  in  the  1950’s  and  1960’s  have  given  way  to  an  occasional  well  drilled 
here  or  there.  Only  six  wells  were  drilled  to  Ridgeley  or  Oriskany  targets  in 
1983,  but  four  of  these  were  discovery  wells.  Ridgeley  discoveries  included 
the  Columbia  Gas  #1  Mallow  in  Bedford  County,  a well  off  the  main  struc- 
tural trend  of  the  Five  Forks  field.  This  well  discovered  the  Weimer  Run 
pool  at  6,453  feet  and  had  an  open  flow  of  310  Mcfgpd.  The  Adobe  Oil  and 
Gas  #1  Commonwealth  of  PA  Tract  #324  in  Clearfield  County  was  a 
7,218-foot  test  located  about  5 miles  southeast  of  the  Punxsutawney- 
Driftwood  field.  The  well  discovered  the  Gifford  Run  field  and  had  an  open 
flow  of  5,729  Mcfgpd.  Oriskany  fields  and  pools  in  northwestern  Penn- 
sylvania tend  to  be  accidental  discoveries — wells  completed  in  the  Oriskany 
Sandstone  where  a deeper  formation  was  the  original  target.  The  two 
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Oriskany  discoveries  reported  in  1983  fall  into  this  category.  The  Atlas 
Resources  #\  Rogers,  Crawford  County,  was  another  of  the  seemingly 
numerous,  isolated  Oriskany  wells  in  the  Conneaut  field.  The  well  was  drilled 
to  the  Queenston  (Upper  Ordovician)  with  the  prospect  of  producing  gas  from 
the  Lower  Silurian  Medina  Group.  However,  Atlas  completed  the  well  in 
the  Oriskany  with  an  open  flow  of  2,200  Mcfgpd.  The  second  Oriskany 
discovery,  the  School  pool  in  Erie  County,  was  actually  made  in  1981,  but 
it  took  two  years  for  completion  of  the  paperwork.  The  Moody  and  Associates 
#1  Erie  Technical  Memorial  School  was  originally  scheduled  as  a test  of  the 
Medina  Group,  but  at  1,800  feet  the  drill  bit  penetrated  a porous  zone  in 
the  Oriskany  that  produced  an  estimated  3,500  Mcfgpd  natural  open  flow. 
Inasmuch  as  the  well  was  originally  planned  as  a domestic  well  to  meet  the 
school’s  needs,  even  the  erratic  or  rapidly  deteriorating  flows  typical  of  the 
Oriskany  in  northwestern  Pennsylvania  should  be  sufficient.  The  Survey 
received  reports  during  the  year  that  others  were  interested  in  trying  to 
establish  trends  in  the  Oriskany  in  this  area.  Given  the  history  of  Oriskany 
drilling  and  production  in  terms  of  depositional  patterns,  gas  flow,  and  salt- 
water flooding  in  northwestern  Pennsylvania,  establishing  potential  trends 
in  this  “reservoir”  is  unlikely  to  be  successful.  Operators  are  encouraged, 
however,  to  evaluate  the  Oriskany  section  (where  it  occurs)  in  their  wells 
before  abandoning  it  as  an  unlikely  reservoir. 

In  1981,  operators  in  Chautauqua  County,  New  York,  discovered  a trend 
in  the  Upper  Silurian-Lower  Devonian  Bass  Islands  Dolomite  which  has 
drawn  much  attention.  The  high-potential  oil  and  gas  wells  (the  discovery 
well  blew  out,  but  was  reported  to  have  produced  oil  at  the  rate  of  about 
200  barrels  per  day)  apparently  follow  a trend  which  suggests  fractured  reser- 
voirs along  a known  fault  system  extending  from  Erie  County,  New  York, 
to  Erie  County,  Pennsylvania.  Although  the  fault  system  and  its  inherent 
production  potential  are  suggested  to  extend  into  Pennsylvania,  the  system 
has  not  yet  been  conclusively  identified  and  traced  in  the  Commonwealth. 
A Bass  Islands  well  drilled  in  Erie  County  in  1982  may  have  been  along  this 
trend,  but  this  has  not  been  established  with  any  certainty.  In  1983,  Vineyard 
Oil  and  Gas  Company  reported  a well  in  the  Upper  Silurian  Salina  Group 
which,  like  the  Goe  Pro  #1  Loomis  well  in  the  Bass  Islands  Dolomite  the 
previous  year,  may  be  along  the  New  York  fault  system.  Unlike  the  Bass 
Islands  well,  the  Vineyard  # 2 Rutkowski  is  in  the  eastern  part  of  Erie  Coun- 
ty nearer  to  New  York.  The  driller  encountered  an  estimated  open  flow  of 
3,000  Mcfgpd  from  the  (questionable)  top  of  the  Salina  Group  at  3,340  feet. 
There  are  no  logs  available  on  this  well,  and  the  designation  of  Salina  is  ques- 
tionable simply  because  of  the  difficulty  many  drillers  have  in  picking  for- 
mation tops  in  Erie  and  Crawford  Counties,  especially  in  the  interval  be- 
tween the  base  of  the  Onondaga  limestones  and  the  top  of  the  Salina 
evaporites. 
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Although,  overall,  deep  drilling  decreased  from  1982  to  1983,  deep  ex- 
ploratory and  development  drilling  remained  concentrated  in  the  Lower 
Silurian  Medina  Group,  continuing  the  trend  set  in  the  late  1970’s.  Expecta- 
tion of,  and  subsequent  designation  of,  the  Medina  as  a tight  formation  by 
the  Federal  Energy  Regulatory  Commission  in  1981  spurred  drilling  in  the 
late  1970’s  and  1980’s,  but  the  decline  in  the  economy  and  a subsequent  shut- 
in  of  gas  wells  by  the  utilities  and  pipeline  companies  led  to  a significant 
decline  in  Medina  drilling  in  the  second  half  of  1982,  particularly  in  previously 
developed  areas.  The  slump  was  still  apparent  in  1983  and  is  likely  to  con- 
tinue at  least  into  1984.  As  such,  only  nine  Medina  pools  were  reported  as 
new  discoveries  in  1983,  mostly  as  deeper  pool  tests  in  otherwise  shallow  Up- 
per Devonian  or  Mississippian  fields.  None  was  an  outstanding  discovery. 

Probably  the  most  significant  discovery  reported  in  1983  was  the  Texaco 
#1  PA  State  Forest  Tract  285  well,  drilled  and  completed  in  Clinton  County 
in  1982.  This  well,  the  discovery  well  of  the  Grugan  field,  flowed  3,847 
Mcfgpd  from  the  Upper  Ordovician  Bald  Eagle  Formation  at  13,030  feet, 
thereby  establishing  both  a new  reservoir  and  a new  production  depth  record 
for  Pennsylvania.  The  well  was  originally  drilled  to  the  Middle  Cambrian 
Pleasant  Hill  Formation  at  19,365  feet,  but  apparently  missed  the  proposed 
target,  a deep-seated  block  fault  postulated  from  seismic  surveys.  After 
evaluating  the  potential  pay  zones,  Texaco  perforated  and  acidized  a 130-foot 
section  in  the  Bald  Eagle.  The  first  try  was  unsuccessful,  and  a second  at- 
tempt netted  the  reported  open  flow.  Texaco  filed  for  tight  formation  designa- 
tion on  the  Bald  Eagle  in  a two-county,  three-township  area.  Although  no 
other  wells  have  been  drilled  and  no  other  permits  have  been  issued  in  the 
area,  several  operators  have  expressed  interest  in  this  potential  new  reser- 
voir and  will  probably  drill  when  funds  are  available. 


GEOPHYSICAL  ACTIVITY  IN  PENNSYLVANIA 

The  seismograph  is  the  principal  nondrilling  exploratory  tool  used  in  Penn- 
sylvania for  the  exploration  of  oil  and  gas.  The  use  of  seismic  tools  is  advan- 
tageous in  that  it  can  give  approximate  to  excellent  indications  of  the  attitude 
of  rocks  (whether  they  are  folded,  faulted,  tilted,  or  flat  lying)  and  the  depth 
of  potential  hydrocarbon  reservoirs  by  measuring  the  travel  time  for  vibra- 
tions generated  at  the  surface  to  reach  the  rock.  Mechanically  generated 
seismic  pulses,  especially  Vibroseis,  and  explosive  techniques,  principally 
dynamite,  are  the  most  widely  used  in  Pennsylvania.  Seismic  work  is  typically 
performed  by  contracted  crews,  and  the  intensity  of  activity  is  measured  in 
crew-months. 

Seismic  activity  in  Pennsylvania  decreased  in  1983,  down  31  percent  to 
23.6  crew-months  from  the  34  crew-months  reported  in  1982.  It  is  estimated 
that  use  of  Vibroseis  accounted  for  16.6  crew-months  and  dynamite  for  7 
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crew-months  of  seismic  activity.  Companies  involved  in  seismic  activity  in- 
cluded major  oil  companies,  large  independents,  and  small  independents; 
they  were  Adobe  Oil  and  Gas,  Arco  Oil  and  Gas,  Cabot  Oil  and  Gas,  Co- 
lumbia Gas  Transmission,  CNG  Development,  Exxon,  Mitchell  Energy,  Na- 
tional Fuel  Gas,  Pennzoil,  and  Sun  Exploration.  Surveys  were  reported  in 
Blair,  Bradford,  Bucks,  Cambria,  Clearfield,  Clinton,  Crawford,  Dauphin, 
Elk,  Greene,  Huntingdon,  Indiana,  Jefferson,  Juniata,  Lycoming,  McKean, 
Mercer,  Mifflin,  Montgomery,  Montour,  Northumberland,  Potter,  Snyder, 
Tioga,  Union,  Warren,  Washington,  and  Westmoreland  Counties.  Seismic 
surveys  cost  the  participating  companies  approximately  $5,900,000  in  1983, 
averaging  $250,000  per  crew  per  month. 


ACTIVITIES  ON  STATE  FOREST  AND  PARK  LANDS 

Total  income  from  oil  and  gas  activities  on  Pennsylvania  State  Forest  and 
Park  lands  during  1983  amounted  to  $2,927,299.  This  income  came  from 
rentals,  including  bonuses  from  lease  sales,  royalties,  gas  storage  rentals, 
pipeline  and  compressor  station  rentals,  and  seismic  surveys.  Royalty 
payments  for  the  year  amounted  to  $409,422  for  1,181,791  Mcf  of  gas  pro- 
duced on  State  land  or  from  unitized  acreage.  Rentals  for  existing  exploratory 
acreage  and  past  leasing  programs  totaled  $1,770,915,  and  gas  storage  rent- 
als totaled  $733,495.  Other  income  for  seismic  surveys  and  for  pipeline  and 
compressor  station  rentals  totaled  $13,467. 

During  1983  there  were  two  lease  sales  totaling  238,267  acres  held  for  bid 
by  industry.  Only  the  first  sale,  in  June,  was  placed  under  lease  during  the 
year.  In  this  sale,  87,972  acres  were  offered  but  only  63,342  acres  were  bid 
upon  and  placed  under  lease.  The  acreage  bid  on  in  the  second  sale,  in 
December,  will  be  placed  under  lease  in  1984. 

At  the  end  of  1983  a total  of  804,712  acres  of  State  Forest  and  Park  lands 
was  under  lease  for  oil  and  gas  exploration  and  development,  and  100,493 
acres  was  under  lease  for  gas  storage. 


PROJECTS  IIM  PROGRESS  IN  1983, 
OIL  AND  GAS  GEOLOGY  DIVISION 

COMBINED  REVISION  OF  FILING  AND 
BASE-MAP  PROCEDURES 


The  Pennsylvania  Geological  Survey  completed  its  15-minute  base  map 
series  in  1981,  and  in  1982  began  a program  of  revision  that  includes  not 
only  the  base  maps,  but  also  the  well-record  system.  The  revision  program, 
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which  is  expected  to  take  three  to  five  years  to  complete,  includes:  (1)  con- 
version of  the  oil  and  gas  well-record  files  from  the  old  Survey  file-number 
system  to  the  more  realistic  permit-number  system  used  by  the  Bureau  of 
Oil  and  Gas  Management  and  other  state  agencies;  and  (2)  modification  of 
the  completed  oil  and  gas  base-map  series  from  15-minute  scale  to  7 Vi  -minute 
scale.  The  present  base  maps  each  encompass  four  15-minute  (1:62,500  scale) 
topographic  maps  but  show  only  a 5-minute  grid  system,  quadrangle  names, 
county  boundaries,  and  the  major  waterways  and  towns  as  background.  The 
new  base  maps  will  be  topographic  maps  at  a scale  of  1 :24,000  and  will  each 
represent  1/16  of  the  area  covered  by  an  old  base  map.  The  two  phases  of 
the  program  are  being  carried  out  almost  simultaneously.  The  well-record 
files  and  71/2-minute  office  work  maps  receive  first  treatment,  the  revisions 
taking  place  alphabetically  by  county.  As  the  sixteen  7 Vi -minute  maps  which 
are  included  in  the  area  previously  covered  by  one  of  the  old  base  maps  are 
completed,  the  well  locations  will  be  transferred  to  a 7 !/2 -minute  topographic 
quadrangle  mylar  from  which  ozalid  prints  can  be  run.  These  mylars  are  ex- 
pected to  be  updated  often.  When  the  16  maps  are  completed,  the  15-minute 
map  will  be  taken  out  of  print.  The  revised  maps  will  then  be  offered  as  open- 
file  maps.  Instructions  for  ordering  will  be  published  in  a future  issue  of  Penn- 
sylvania Geology.  Until  that  time,  paper  prints  of  the  15-minute  base  maps 
may  be  obtained  by  writing  to  the  State  Book  Store,  P.  O.  Box  1365,  Har- 
risburg, Pennsylvania  17125.  The  cost  of  each  base  map  is  $1.40,  plus  6 per- 
cent sales  tax  if  mailed  to  a Pennsylvania  address.  A check  for  the  appropriate 
total  amount,  made  payable  to  “Commonwealth  of  Pennsylvania,”  must 
accompany  the  order.  When  ordering,  please  specify  the  map  number. 


GEOLOGY  OF  THE  OIL  AND  GAS  FIELDS 
OF  SOUTHWESTERN  PENNSYLVANIA 

by  John  A.  Harper  and  Christopher  D.  Laughrey 

Work  in  progress  at  the  Bureau  of  Topographic  and  Geologic  Survey,  Oil 
and  Gas  Geology  Division,  includes  a study  of  the  oil  and  gas  geology  of 
the  area  south  of  the  Ohio  River  and  west  of  the  Monongahela  River  in  Penn- 
sylvania (Figure  30).  This  area  covers  all  of  Greene  and  Washington  Coun- 
ties and  the  southern  portions  of  Allegheny  and  Beaver  Counties. 

The  study  area  has  some  very  productive  oil  fields,  including  two 
(McDonald-McCurdy  field  and  Washington-Taylorstown  field)  considered 
to  be  among  the  10  major  oil  fields  in  Pennsylvania.  However,  although  there 
have  been  some  “boom”  times  (in  1892,  oil  production  in  southwestern  Penn- 
sylvania fields  accounted  for  49  percent  of  total  state  oil  production),  oil 
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Figure  30.  Map  showing  the  location  of  the  study  area  of  the  southwestern 
Pennsylvania  project. 


production  in  these  fields  and  in  the  counties  of  interest  is  presently  low. 
The  combined  productions  of  Allegheny,  Beaver,  Greene,  and  Washington 
Counties  accounted  for  only  about  6 percent  of  the  Commonwealth’s  total 
production  in  1983.  Some  fields  are  essentially  abandoned,  or  close  to  it. 
More  than  half  of  the  fields  have  never  had  any  enhanced  recovery  opera- 
tions on  them.  Gas  well  drilling  in  the  area  is  also  low  compared  to  other 
areas  of  Pennsylvania.  Because  there  have  been  great  improvements  in 
technology  since  the  early  days  of  the  petroleum  industry  and  because  prices 
for  crude  oil  and  natural  gas  have  risen  dramatically  in  recent  years,  the 
authors  believe  the  fields  in  southwestern  Pennsylvania  have  great  potential 
for  further  exploitation. 

The  study  contains  detailed  discussions  of  the  stratigraphy,  structure,  reser- 
voir petrology,  and  depositional  environments,  historical  summaries  of  the 
oil  and  gas  fields,  and  discussions  of  the  types  and  potential  of  unconven- 
tional sources  in  the  study  area.  It  is  hoped  that  this  report  will  rekindle  in- 
terest in  the  oil  and  gas  fields  of  an  area  that  has  been  virtually  ignored  for 
the  last  50  years. 


OPEN-FILE  REPORTS  AND  OTHER  DATA  AVAILABLE 


The  following  reports  and  other  data  are  available  on  open  file  at  the  Penn- 
sylvania Geological  Survey,  Oil  and  Gas  Geology  Division,  7th  Floor, 
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Highland  Building,  121  South  Highland  Avenue,  Pittsburgh,  Pennsylvania 
15206-3988. 

(1 ) Surface  to  Middle  Devonian  (Onondagan)  Stratigraphy , Part  I 
(STOMDES),  1972,  by  D.  R.  Kelley  and  W.  R.  Wagner,  15  p.,  8 cross 
sections,  vertical  scale  1 inch  = 100  feet. 

(2)  Deep  Sand  Exploration  and  Gas  Developments  in  Pennsylvania,  1982, 
by  L.  J.  Balogh,  2 map  sheets,  scale  1:250,000  (updated  periodically). 

(3)  Salina  or  Equivalent  and  Deeper  Penetrations  of  Pennsylvania,  1973, 
by  D.  R.  Kelley  and  L.  J.  Balogh,  1 map,  scale  1:500,000  (updated 
periodically). 

(4)  Tally  and  Deeper  Formations,  Brine  A nalysis  of  Pennsylvania,  1973, 
by  D.  R.  Kelley  and  L.  A.  Heeren,  1 chart  and  map,  scale  1:500,000. 

(5)  Stratigraphic  Framework  of  the  Greater  Pittsburgh  Area,  Parts  I and 
II,  1972,  by  W.  R.  Wagner  and  W.  S.  Lytle,  20  p.,  9 sections  in  13 
sheets. 

(6)  Active  Gas  Storage  Areas  Map  of  Pennsylvania,  1981,  by  L.  J.  Balogh, 
1 map,  scale  1:500,000  (updated  as  needed). 

(7)  Subsurface  Rock  Correlation  Diagram,  Allegheny  Plateau,  Penn- 
sylvania, 1979,  by  J.  A.  Harper,  1 sheet. 

There  are  also  over  40,000  drillers’  records  and  logs,  along  with  approx- 
imately 4,500  mechanical  logs  on  open  file  at  the  Pennsylvania  Geological 
Survey’s  Pittsburgh  office.  Approximately  44,000  well-data  cards,  com- 
piled by  the  U.S.  Geological  Survey  and  the  Pennsylvania  Geological  Survey 
between  1900  and  1970  as  the  bases  of  topographic-map  quadrangle  reports, 
are  also  on  open  file.  In  addition,  the  Survey  has  a sample  library  contain- 
ing drill  cuttings  from  approximately  1,200  wells,  and  a core  storage  library 
containing  cores  from  39  wells,  including  the  five  wells  cored  under  the  U.S. 
Department  of  Energy’s  Eastern  Gas  Shales  Program.  All  cuttings  and  cores 
are  available  for  inspection  and  study. 


SUMMARIZED  RECORDS  OF  REPORTED 
DEEP  WELLS1  IN  1983 

by  Christopher  D.  Laughrey  and  Cheryl  L.  Cozart 

The  information  shown  in  Figure  32  was  compiled  mainly  from  drillers’ 
logs,  location  plats,  and  geophysical  logs  received  from  the  Bureau  of  Oil 
and  Gas  Management,  as  well  as  personal  communication  with  oil  and  gas 
operators.  Well  records  are  filed  with  the  Bureau  of  Oil  and  Gas  Manage- 
ment by  permit  numbers.  The  Oil  and  Gas  Geology  Division,  Bureau  of 


•Wells  that  penetrate  rocks  of  Middle  Devonian  or  older  age. 
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Figure  31.  Types  of  mechanical  logs  and  abbreviations. 


Cal  i per CAL 

Casing  collar  log  and  perforating  record CCL/PR 

Cement  bond  log  (seismic  spectrum) CRL/SS 

Compensated  neutron CNL 

Continuous  dipmeter DIP 

Continuous  directional CDR 

Density  borehole  compensated DBC 

Dual  laterolog DLL 

Epthermal  neutron  porosity ENP 

Formation  density FDC 

Gamma  ray GR 

High-resolution  continuous  dipmeter HDT 

Induction  log IL 

Laserl  og Laser 

Perforating  depth  control PDC 

Perforating  collar  log PCL 

Radioactive  tracer Tracer 

Radi  oact  i ve R 

Si  bi  1 ati  on S 

Sonic SON 

Sidewall  neutron  porosity SNP 

Temperature T 


Topographic  and  Geologic  Survey,  files  the  records  in  order  by  county, 
7 Vi -minute  topographic  map,  and  permit  number.  The  Division  used  to  assign 
a file  number  separate  from  the  permit  number,  and  these  file  numbers  ap- 
pear on  many  of  the  open-file  reports  and  published  maps  of  the  Survey. 
However,  this  action  was  abandoned  in  January  1982,  and  all  well  records 
are  henceforth  referred  to  by  permit  number. 

Most  of  the  formation  tops  and  total  depths  recorded  in  Figure  32  were 
picked  from  mechanical  logs  of  many  varieties  (see  Figure  31  for  lists  of  these 
logs  and  their  abbreviations).  The  logs  received  for  a particular  well  are  listed 
in  Figure  32  along  with  the  logged  interval.  Lack  of  this  information  indicates 
that  no  mechanical  logs  were  received  and  formation  picks  are  taken  direct- 
ly from  the  drillers’  logs.  The  tables  are  listed  alphabetically  by  county  and 
numerically  by  permit  number. 


Figure  32.  Summarized  records  of  reported  deep  wells  in  1983  that  penetrated  rocks  of  Middle  Devonian  or  older  age. 


48 


OIL  AND  GAS  DEVELOPMENTS  IN  1983 


Crawford 

21230 

!* 

POI  Energy, 
Incorporated 

5 

Spring  Creek 

jk 

*. 

1 

I 

s 

1 

§2 

§1 

* 

1 

g 

c 

a 

Is 

§= 

a.  c 

o 

I 

1 

4 

P 

s 

& 

s 

® 

x 

s 

I 

c 

CO  £ c 3 

1-  =T  B 3 -H  ra  T 

X — o o c 

Crawford 

21162 

* 

e ^ 

£ 

1 

oS 

i 

o 

o 

° 

3 

£ 

1 

1 

£ 

? 

O' 

* o 

a 

L 

£ u 

o c 

! 

s 

oS 

4 

g 

1 

is 

sis 

g; 

1 

c 

i 

5 

X n I o — 

Oq*  - 

Is 

e ^ 

""  D 

o >. 

o C 
|| 

i 

I 

gf 

d| 

2 

s 

J 

o 

s 

I 

1 

a 

B 

IS 

® 

* 

§ 

s 

I 

Its  111 

l 

3 

s? 

4 

f 

O' 

S O'  O'  o 

s 

= 

® 

Pi 

II  j 

i 

£ 

s 

oPfljil 

I 

a a 

a 

o 

i 

5 

% 

! 

1 

s 

1 

1 

i 

«_ 

o 

X — C Q ® 
O £X*J  *J  «- 

c o 
B t- 
B 1- 

s| 

3 

! 

s; 

% 

4 

2 

4 

£ 

£ 

§ 

° 

s 

s 

1 

O X — > T3  H 

Centre 

20022 

L 

cc  a 

O B 

§ 

So 

2-k 

s 

- O _1  - 

J >.  z -o 

1 

g 

5 

4 

If 

X X <x 

P 

° 

!• 

•S 

s=?sS5  s 

r 

x 

I 

Son 

■ o 

4 

i 

ZQ100 

® 

s 

* 

5 

i 

? 

ni  O LI 

o n 3 O B 0.0 

T3  * ® 

S - 

COUNTY 

Permit  Number 

o 

5 

< 

Z 

o 

< 

o 

X 

z 

$ 

O 

o 

z 

< 

o 

< 

3 

O 

o 

3 

< 

O 

3 

o 

z 

o 

0 

1 
o 

u 

< 

o 

Z 

o 

< 

> 

0 S 
z < 
< > 
a ^ 
> z 
u o 
a o 

01  O 

o o 
O “* 

>~ 

3 

z 

o 

5 x 

< 

O 

< 

o 

z 

o 

z 

o 

Z 

< 

o 

o 

z 

< 

o £ 
“ < 
<D  ® 
<x  a: 

O of 
X 

O 

w 

u 

O 

< I 

z ^ 

< 3 

2 o 

o 

3 

o 

o 
z z 
oo 
z- 

d 

6 
£ O 

< 5“ 

Z a 5 

£°$ 

5 

Z 

o 

z 

3 

o 

z 

o 

< 

5 

O 

o 

z 

u 

3 

o 

O 

< 

> 

ex 

Z 

o 

z 

u 

3 

o 

o 

i 

Q 

< 

o 

z 

o 

< 

5 

o£ 

i 

rx  u 
T 4 
o 

3 

SUMMARIZED  RECORDS  OF  DEEP  WELLS 


49 


Figure  32.  (Continued) 
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Figure  32.  (Continued) 
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54 


OIL  AND  GAS  DEVELOPMENTS  IN  1983 


Envlrogaa , 
Incorporated 

1 

1 

”.ib 

g 

g 

| 

° 

Is 

g® 

s 

® 

a 

Dry  and 
abandoned 
development 
Bull  Reservoir 
pool 

North  East 
field 

s- 

II 

1 

z 

o2 

’s 

1 

g 

1 

g 

Is 

ss 

iii 

° 

® 

c 

k"  S ® * k k- 

Q J > H O 

?s 

® o 
a.  as 
k 
c 

s 

a 

® 

£!T 

• 

§ 

f 

s 

X 

•S  z * ^ s ® 

k O t -H  Q. 

Q a a 

If 

“V 

o 

•8  t- 

O X 

c u 

1 

“ 

ij 

»J  O 

<-  o 
o o 

g 

I 

s 

I 

1 

II 

i s 

® 

X 

1 

1 

J 

k 
(k  JC 

«c  c 

r oner 

® 'v  ® BO®—. 

x-cooc® 

I? 

S; 

® 2 
X o 
o 

- 

! 

p 

? 

° 

§ Ij 

>•  a 

I 

5 

1 

ss 

a 

II 

HI 

c 

® 

X 

1 

s 

3 

O' 

I «rt  o- 

^ a®  ot. 

lu. 

!; 

« 2 
X o 

CL 

- 

! 

oS 

* c 

i 

l 

So 

5 Ij 
oc  o 

I 

§ 

1 

g£ 

ii 

II 

ii? 

i 

c 

i 

1 

3 

a 

«<”  «” 
z — B a TJ 

k.  >s  0.-0 

k o-.  OJt  ® 
ox  n -i  o — 
x o ® o k- 

vO  > tc 

cntu  o ® 

Crawford 
21 96*1 

3 

a 

X 

if 

f 

a 

to 

k 

■o 

? 

as 

o 

cc.  Q 

o 

1 

s 

is 

ii 

II 

5 

c 

X 

g 

c 

3 

O 

tk  C\J  c ® 
m b a -a 

o -»  O Jt  ® 

r m o — 
as  ok 
o^>® 

k 

<>-.•0 
3 O. 

« 

c 

® «■ 

X 

s* 

® 

X 

to 

£ T1 

o u-> 

* 

J CO 

f- 

f 

cc 

3-  o 
2? 

2 Ij 

'v  o 

s 

£ 

5 

sis 

is 

|§2 

i 

a 

® 

X 

1 

s 

C 

Z k.  V.  0.0  —• 

ox  n o — 

X a®  Ok 

f-  © > « 

k.  * 

a o> 
« 

n 

® k 

X o 

CL 

* 

•> 

CL 

to 

« 

i> 

B 

a 

to 

*»  o 

It 

* 

k>  O 

? 

g 

to 

S 

g 

5 

II 

ii 

II 

SS; 

° 

c 

■a 

® 

X 

1 

3 

O 

Ok  oS  ® 

X B -H  O — 

O ® O k. 

Crawford 

21957 

® 2 
x o 

CL 

® 

o 

? 

g 

i 

5 

« 

£ 

II 

II 

is 

c 

g 

c 

3 

O 

k>  Ik  CO  C k 
Z — B to  O 
k.  o — . O ® ® 

X CL  ® O k. 

O'  > k 

COUNTY 

P#rmi»  Number 

t 

o 

5 

< 

Z 

o 

< 

o 

I 

z 

o 

O 

z 

< 

o 

3 

o 

O 

3 

< 

a 

3 

o 

z 

o 

Q 

s 

o 

u 

< 

Q 

Z 

0 

1 

a ^ 
z < 
< > 
O " 

> z 
u o 

“8 
o o 
o 

3 

Z 

o 

5 x 

-i  u 
< 
o 
< 
o 
z 
o 
z 
o 

z 

< 

8 

o 

z 

< 

o X 
“ < 

“ at 
Q " 
— ■ >- 

X * 

o 

Q- 

u 

o 

< X 

z ^ 
5 o 

6 

3 

o 

O 

z z 
oo 
z- 
u 

6 

>-o 

to  a. 

<I| 

Z at  5 

50* 

$ 

z 

o 

z 

3 

o 

z 

O 

< 

5 

O 

O 

z 

u 

3 

O 

o 

< 

z 

o 

z 

0 

3 

O 

o 

I 

Q 

< 

O 

Z 

o 

< 

2 

o2 

11 

3 

SUMMARIZED  RECORDS  OF  DEEP  WELLS 


55 
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Figure  32.  ( Continued ) 
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Figure  32.  ( Continued ) 
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Figure  32.  (Continued) 
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Figure  32.  (Continued) 
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Figure  32.  (Continued) 
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